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ABSTRACT
Young, M a r ia  L . , M .S . ,  Summer 1982 G eology
P e t r o lo g y  and O r i g i n  o f  A rc h e a n  Rocks in  th e  Arm stead A n t ic l in e  
o f  Southw est M ontana (6 6  p p .)
D i r e c t o r :  D av id  Fountain f
T h is  p é t r o g r a p h ie  s tu d y  o f  A rchean g n e is s e s  w i t h in  th e  co re  o f  
th e  A rm stead a n t i c l i n e  o f  S o u th w e s t M o n ta n a  d e s c r ib e s  m in e r a l  
t e x t u r e s  and a s s e m b la g e s  w h ic h  r e v e a l  a p o ly p h a s e  m etam orphic  
h is t o r y .  H ig h -g r a d e  c o n d i t io n s  p e a k e d  a t  o r  a b o ve  g r a n u l i t i c  
f a c i e s  c o n d i t io n s  p r o d u c in g  a s s e m b la g e s  o f  t h a t  g ra d e  w i t h i n  
g n e is s e s  o f  m a f ic ,  u l t r a m a f ic  and f e r r u g in o u s  c o m p o s it io n s .  As 
i s  c h a r a c t e r i s t i c  o f  g r a n u l i t i c  t e r r a n e s ,  f o l i a t e d  a n d  
g r a n o b l a s t i c  f a b r i c s  a r e  w e l l - d e v e l o p e d  w i t h i n  t h e  
q u a r t z o f e l d s p a t h i c  g n e is s e s .  T e x u r a l  e v id e n c e  in d ic a t e s  peak  
d e fo rm a tio n  s u c c e e d e d  p e a k  m eta m o rp h is m  p r o d u c in g  s y n t e c t o n ic  
f a b r i c s  im p a r te d  by  s i l l i m a n i t e - o r t h o c l a s e  zo n e  a s s e m b la g e s .  
T e c to n is m  tra n sp o s e d  c o m p o s itio n a l l a y e r s  i n t o  p a r a l l e l i s m  w i t h  
an  a x i a l  p la n e  s c h i s t o s i t y  and recu m b ent, s im i la r - s t y le d  f o ld s .  
S y n c h ro n o u s  o r  s u b s e q u e n t  l a r g e - s c a l e  f o l d i n g  c r e a t e d  t h e  
a n t i f o r m a l  and s y n fo rm a l s t r u c tu r e s  o n ly  p a r t i a l l y  exposed w i t h in  
th e  a n t i c l i n a l  c o re . A m a in ly  s t a t i c  m etam o rp h ic  p h a s e  f o l lo w e d  
as e v id e n c e d  by  p o s t - t e c t o n i c  c r y s t a l  g ro w th . As te m p e ra tu re s  
waned, in c ip ie n t  medium to  lo w -g ra d e  r e t r o g r e s s i v e  m in e r a lo g ie s  
d e v e lo p e d .  The a b o ve  m e n tio n e d  f o l d i n g  and nap p e  em placem ent 
l o c a l l y  enhanced th e  r e t r o g r e s s iv e  r e a c t io n s .
A b o u t h a l f  th e  map e x p o s u re  c o n s is ts  o f  p o t as s ic ,  le u c o c r a t ic  
and g a r n e t i fe r o u s  q u a r tz o fe ld s p a th ic  g n e is s e s  w hich  may r e p r e s e n t  
b o t h  r h y o l i t i c  f l o w s  a n d  i l l i t i c  o r  f e l d s p a t h i c  s a n d s .  
M e ta -g ra yw a c k e  o r  p o l i t i c  g n e is s  dom inates a t h i c k  p a c k a g e  w h ic h  
a l t e r n a t e s  w i t h  q u a r t z o f e ld s p a t h ic  u n i t s .  I n t e r c a l a t e d  rocks  
w ith  undoubted s e d im e n ta ry  p r o t o l i t h s  a r e  c a l c - s i l i c a t e  m a r b le ,  
q u a r t z i t e  and f e r r u g in o u s  g n e is s , th e  h ig h -g ra d e  e q u iv a le n ts  o f  
c a lc a re o u s , c h e r t y  and  i r o n - r i c h  m uds. A l l  map u n i t s  c o n t a in  
i n t e r b e d d e d  v o l c a n i c  f l o w s  a n d  p o s s i b l e  p y r o c l a s t i c  a n d  
v o l c a n i c l a s t i c  d e p o s i t s ,  p r e s e n t l y  w i t h  a m p h i b o l i t i c  t o  
p y r o x e n e - p l a g i o c l a s e  m o d a l c o m p o s it io n s ,  e s t im a te d  t o  ra n g e  
betw een  q u a r tz  a n d é s ite  and t o n a l i t é .  Num erous u l t r a m a f i c  pods  
a n d  l a y e r s  c o n s i s t i n g  o f  p y r o x e n i t e ,  h o r n b l e n d i t e  a n d  
m e ta —r o d i n g i t e  may h a v e  b e e n  t e c t o n i c a l l y  e m p l a c e d  d u r i n g  
h ig h - g r a d e  m etam orphism  b u t c o u ld  a ls o  be th e  dism embered rem ains  
o f  ign eo u s  f lo w s  o r  d ik e s  known to  o c cu r i n  rocks  o f  t h is  a g e .
B o th  th e  f o r e - a r c  b a s in -m a g m a t ic  a r c  and r i f t  b a s i n - t r a i l i n g  
c o n t in e n t a l  m a rg in  t e c t o n ic  s e t t in g s  a re  c o n s id e re d  p la u s ib le  f o r  
th e  d e p o s it io n  o f  th e  Arm stead g n e is s e s .
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CHAFPER I  
INTRODUCTION
S o u th w e s te rn  M o n ta n a  and W yoming a r e  c h a r a c t e r i z e d  by a  
b ro a d  zo n e  o f  A rc h e a n  b asem e n t-c o red  m ou n ta in  ranges b o rd e re d  to  
th e  w est by th e  Rocky M o u n ta in  t h r u s t  b e l t  ( s e e  F ig u r e  1 ) .  The  
w e s t e r n m o s t  ex po s e d  A rchean rocks o f  M ontana occur in  th e  Tendoy  
M o u n ta in s  and th e  co re  o f  t h e  A r m s t e a d  a n t i c l i n e  w i t h i n  f o l d e d  
and t h r u s t —f a u l t e d  P a le o z o ic  s t r a t a .
The A rc h e a n  r o c k s ,  p r e d o m in a n t ly  h ig h - g r a d e  m e t a m o r p h i c
g n e i s s e s  o f  s e d im e n ta r y  and ign eou s (v o lc a n ic ? )  o r ig in ,  in c lu d e
q u a r t z o f e l d s p a t h i c  g n e i s s ,  a m p h i b o l i t e ,  p e l i t i c  g n e i s s ,
q u a r t z i t e ,  m a rb le  and fe r r u g in o u s  g n e is s  in  v a ry in g  p r o p o r t io n s .
The g n e is s e s  a re  o n ly  l o c a l l y  d e s c r i b e d  and  named and r e g i o n a l
a g e - s  t r a t i g r a p h i c  c o r r e l a t i o n s  a r e  la c k in g  ( K a r a s e v i c h  and
o th e r s ,  1 9 3 1 ) .  M ost s tu d ie s  have been l im i t e d  to  th e  la r g e s t  and
b e s t  e x p o s u r e s ,  e s p e c i a l l y  th o s e  o f  th e  Ruby R a n g e , f o r  w hich
K a r a s e v i c h  a n d  o t h e r s  ( 1 9 3 1 )  h a v e  r e c e n t l y  p u b l i s h e d  a
m e t a m o r p h i c  a n d  s t r u c t u r a l  r e v i e w  w i t h  a d d i t i o n a l  r e g io n a l
a s p e c ts . To d a te ,  h o w e v er, re c o n n a is s a n c e  s t u d i e s  ( S c h o l t e n  e t
a l . ,  19 5 5 ;  L o w e l l ,  1 9 ^ 5 )  h a v e  p r o v i d e d  l i t t l e  in f o r m a t io n
r e g a r d in g  th e  n a t u r e  o f  t h e  A r c h e a n  r o c k s  o f  t h e  A r m s t e a d
a n t i c l i n e  ( s e e  F ig u r e  1 ) .  The p r o s p e c t  o f  s tu d y in g  v i r t u a l l y
u n d e s c rib e d  m e ta m o rp h ic  r o c k s  w i t h i n  an  e a s i l y  a c c e s s i b l e  and
s c e n ic  lo c a t io n  prom pted t h is  p é tro g ra p h ie  e x e im in a tio n . The a re a







^ o ( ^ B a s e m e n t  
^ U p l i f t s
F ig u r e  1 .  A r c h e a n  e x p o s u r e s  
r e g io n a l  te c to n ic  s e t t in g .
o f  S o u t h w e s t  M o n t a n a  and t h e i r
m a jo r ro c k  ty p e s  o f  S o u th w e s te rn  M on tan a, w ith  q u a r t z o f e ld s p a t h ic  
g n e is s  th e  m ost vo lum inous and b e s t exposed. S in c e  th e  o r ig in  o f  
t h is  ro c k  is  b o th  im p o r ta n t  and c o n t r o v e r s ia l ,  i t  r e c e i v e d  e x t r a  
a t t e n t io n  i n  t h is  s tu d y .
T h e  s tu d y  a r e a  b o r d e r s  th e  n o r th  shore o f  th e  C la rk  Canyon 
R e s e r v o i r  ( s e e  F ig u r e  2 ) ,  w h i c h  c o v e r s  t h e  f o r m e r  t o w n  o f  
A r m s t e a d ,  a d j a c e n t  to  In t e r s t a t e  Highway 15> ab o u t 35 k ilo m e te rs  
sou th w est o f  D i l l o n ,  M ontana. One e x i t s  acro ss  t h e  C l a r k  C anyon  
Dam a t  th e  p r e s e n t  h e a d w a t e r s  o f  th e  B eaverhead R iv e r ,  on S ta te  
Highway 3 2 4 .  About th r e e  and one h a l f  k i l o m e t e r s  f u r t h e r  w e s t ,  
t h e  h i g h w a y  t r a n s e c t s  t h e  A r m s t e a d  a n t i c l i n e .  
N o r t h - s o u t h - t r e n d i n g  r o a d s ,  l o c a l l y  o f  f o u r - w h e e 1 - d r i v e  
c o n d it io n ,  access th e  f u l l  le n g th  o f  th e  map a re a .
The o b je c t iv e s  o f  t h i s  s tu d y  w e r e :  1 )  t o  m in é r a lo g ie  a l l y
and  t e x t u r a l l y  d e s c r ib e  th e  l i t h o lo g ie s ;  2) to  d e s c r ib e  th e  f i e l d  
r e l a t i o n s h i p s  b e t w e e n  t h e  l i t h o l o g i e s  ; 3 )  t o  d e t e r m i n e  t h e  
p r o t o l i t h s  w i t h  s p e c ia l  em phasis  p la c e d  upon q u a r tz o f  e ld s p a th ic  
g n e is s ;  and 4 ) to  i n f e r  th e  m etam orphic and d e fo rm a t io n a l h i s t o r y  
o f  th e  ro c k s .
W i t h  th e  a id  o f  a e r i a l  p h o to g r a p h s , I  p re p a re d  an o u tc ro p  
map on a s c a le  o f  one in c h  to  1000 f e e t  ( s e e  P l a t e  1 ) .  I  c ho s e  
m a p  u n i t s  o n  t h e  b a s i s  o f  f i e l d  r e l a t i o n s  a n d  o u t c r o p  
c h a r a c t e r is t ic s  and in f e r r e d  a p p ro x im a te  b o u n d a rie s  betw een th e m , 












FiKure 2 . Geographic location of the study area (shaded) within 
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F ig u r e  3 . S im p l i f ie d  g e o lo g ic  map o f  th e  Arm stead g n e is s e s
About 170 f o l i a t i o n  m easurem ents yfere c o l le c t e d  f o r  a s t r u c t u r a l  
a n a ly s  i s •
N um erous s a m p le s  w e r e  c o l l e c t e d  f r o m  m ap -re co rd e d  s ta t io n s  
f o r  c o m p a r a t i v e  a n d  v e r i f i c a t i o n  p u r p o s e s .  F o r  m i n e r a l  
i d e n t i f i c a t i o n  and t e x t u r a l  s t u d y ,  a b o u t 75 t h in  s e c tio n s  were 
p r e p a r e d .  A b o u t  3 0  s l a b b e d  r o c k s ,  s t a i n e d  f o r  p o t a s s i u m  
f e l d s p a r ,  a u g m e n t e d  t h i n  s e c t i o n s  i n  t h e  d e t e r m in a t io n  o f  
v i s u a l l y  e s tim a te d  m odal c o m p o s itio n s .
CHAPTER I I  
FIELD  AND PETROGRAPHIG DESCRIPTIONS 
OF P/IETAMORPHIC ROCKS
The A rc h e a n  r o c k s  t h a t  c o r e  t h e  A r m s t e a d  a n t i c l i n e  f o r m  
s u b t le  r o l l i n g  h i l l s  b e t w e e n  more p ro m in en t r id g e s  o f o v e r ly in g  
P a le o z o ic  s t r a t a .  G n e is s ic  exposure form s a 1 .5  to  2 .5  k i lo m e t e r  
w i d e  s t r i p  11 k i l o m e t e r s  i n  le n g t h  w h ic h  t r e n d s  n o r t h e r l y  t o  
n o r th w e s te r ly  c o in c id in g  w ith  b o th  th e  a n t i c l i n a l  f o l d  a x i s  and  
th e  g e n e ra l s t r i k e  o f  th e  g n e is s e s .
T h e  A r m s t e a d  g n e i s s e s  c o n s i s t  o f  a l t e r n a t i n g  sequences o f  
two c o n tr a s t in g  ty p e s , each dom inated  by e i t h e r  m e ta -s e d im e n t  a ry  
r o c k s  o r  q u a r t z o f  e ld s p a th ic  g n e is s e s . The m e ta -s e d im e n ta ry  u n i t  
i s  a  t h i n l y  i n t e r  l a y e r e d ,  d i v e r s e  a s s o c i a t i o n  c o m p r i s e d  o f  
p e l i t i c ,  a m p h i b o l i t i c ,  f e r r u g i n o u s ,  q u a r t z o f e l d s p a t h i c , 
c a l c - s i l i c a t e  and q u a r t z i t i c  l i t h o l o g i e  v a r i a t i o n s .  S p o r a d i c ,  
g r o u n d - l e v e l  o u t c r o p s  o f  t h e  m o r e  w e a t h e r - r e s i s t a n t  r o c k s  
p e n e t r a t e  a  t h i c k  b r o w n  s o i l  w h i c h  u n d e r l i e s  l o w ,  f l a t ,  
s a g e - c o v e r e d  a r e a s .  C a l c - s i l i c a t e  m a rb le  le n s e s  o r  boudins form  
s l i g h t l y  more pronounced , b u f f - c o lo r e d ,  g ra s s y  h i l l s  a c c e n tu a t in g  
l i t h o l o g i e  h o riz o n s  w i t h in  t h is  v a r ifo r m  y e t  homogenous map u n i t .
C h a r a c t e r i s t i c a l l y  t h i c k ,  m o n o t o n o u s  s e q u e n c e s  o f
q u a r t z o f  e l d s p a t h i c  g n e i s s e s  w e a th e r to  s p a rs e ly  v e g e ta te d  h i l l s
co v ere d  w ith  a ro c k y , p in k is h -o ra n g e  s o i l  r ic h  in  f e ld s p a r  c h i p s ,
a s  d o  s i m i l a r  r o c k s  i n  th e  r e g io n  b e l o w  t h e  7 0 0 0  f o o t  l e v e l
( C o r d u a ,  1 9 7 3 ) *  The p re d o m in a n t  c o n s t i t u e n t ,  a  l e u c o c r a t i c
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q u a r t z - f e ld s p a r  g n e is s , c o n ta in s  lo c a l l y  ab u n d an t i n t e r c a l a t i o n s  
o f  s i m i l a r  b i o t i t e - ,  g a r n e t - , m a g n e t ite -  and h o rn b le n d e -b e a r in g  
l i t h o l o g ie s  and m in o r , y e t  u b iq u i to u s ,  c o n fo rm a b le  a m p h ib o l i t i c  
g n e i s s .  The s i m i l a r i t y  o f  th e  g n e i s s i c  e x p o s u r e s ,  w h ic h  a r e  
m o s tly  f a u l t - b o u n d  b l o c k s  and s t r i p s  s e p a r a t e d  by i n t e r v e n i n g  
m e t a - s e d i m e n t a r y  g n e i s s e s  and T e r t i a r y  a l l u v i a l  c o v e r ,  su g g est 
th e s e  u n its  r e p r e s e n t  p o r t i o n s  o f  a s in g le  q u a r t z o f e l d s p a t h i c  
s e q u e n c e ,  b r o k e n  up ,  r e p e a t e d  and lo c a l l y  th ic k e n e d  by f a u l t in g  
and f o l d i n g  w i t h i n  a  s in g l e  m e ta -s e d im e n ta r y  s e q u e n c e .  T h e  
s t r u c t u r a l  c o m p le x i ty  and  in c o m p le te  e xp o su re  o f th e  two u n its  
p re c lu d e  d e te rm in a t io n  o f  a  more p re c is e  l i t h o l o g i e  s e c t io n .
QUARTZOPELDSPATHIC. GNEISS
H a l f  t h e  A r m s t e a d  a r e a  i s  u n d e r la in  by c o a r s e - g r a i n e d ,  
p o t a s s i c ,  q u a r t z o f  e ld s p a t h ic  g n e i s s  i n  e x p o s u r e s  up t o  o n e  
k i l o m e t e r  t h i c k  w i t h  a m p h ib o l i t i c  g n e i s s  c h a r a c t e r i s t i c a l l y  
i n t e r s p e r s e d  as t h i n ,  s h a r p l y - b o u n d ,  c o n f o r m a b l e  l e n s e s .  
Q u a r t z - f e l d s p a r  l i t h o l o g i e s  s i m i l a r l y  fo rm  la m in a e , la y e r s  and 
t a b u l a r  b o d i e s  i n t i m a t e l y  d i s t r i b u t e d  a m o n g  a l l  o t h e r  
l i t h o l o g i e s .
P o u r  q u a r t z o f  e l d s p a t h i c  l i t h o l o g i e s ,  l i s t e d  below  in  o rd e r  
o f  t o t a l  a b u n d a n c e , a r e  r e f e r r e d  t o  by t h e  a b b r i e v i a t e d  names 
i n d i c a t e d .  M in e r a ls  a re  l i s t e d  in  o rd e r  o f  in c r e a s in g  abundance  
(s ee  T a b le  1 ) :
1 ) q u a r t z - f e ld s p a r  g n e is s :
b i o t i t e  ^  g a rn e t  + p la g io c la s e  + q u a r tz  + K - fe ld s p a r
2 ) g a r n e t - q u a r t z - f e ld s p a r  g n e is s :
m a g n e tite  + g a rn e t  + p la g io c la s e  + K - fe ld s p a r  + q u a r tz
3 ) g a r n e t - q u a r t z -p la g lo c la s e  g n e is s :
^  b i o t i t e  + m a g n e tite  + g a rn e t  + q u a r tz  + p la g io c la s e
4) h o r n b le n d e -q u a r tz -o r th o c la s e  g n e is s :
^  g a rn e t  + h o rn b le n d e  + p la g io c la s e  + q u a r tz  + o r th o c la s e  
I  m apped tw o s e p a r a t e  l i t h o l o g i e  a s s o c ia t io n s :  le u c o c r a t ic
and g a r n e t i fe r o u s  q u a r tz o fe ld s p a th ic  g n e is s  ( s e e  P l a t e  1 ,  F ig u r e  
3 ) .  T h e  l e u c o c r a t i c  map u n i t  1 s a m o n o t o n o u s  s e q u e n c e  o f  
a l t e r n a t i n g ,  n e a r l y  m a f i c - f r e e  a n d  m a f i c - p o o r  l a y e r s  o f  
q u a r t z - f e l d s p a r  g n e is s . The g a r n e t i fe r o u s  u n i t  Is  d is t in g u is h e d  
by th e  I n t e r c a l a t i o n  o f  g a r n e t - q u a r t z - f e l d s p a r  g n e i s s  w i t h  
q u a r t z - f e l d s p a r  g n e is s  on a v a r i a b l e  s c a l e  o f  c e n t i m e t e r s  t o  
m e t e r s .  E i t h e r  l l t h o l o g y  may d o m in a te  w i t h i n  a g i v e n  a r e a .  
G a r n e t - q u a r t z - p l a g l o c l a s e  g n e i s s  f o r m s  a t h i r d  l i t h o l o g i e  
I n t e r l a y e r  as r e v e a l e d  I n  more c o m p le te ly  e x p o s e d  s e c t i o n s  I n  
w h ic h  r a r e  q u a r t z i t i c ,  fe r r u g in o u s  and p e l l t l c  seams a re  v i s i b l e  
as w e l l .
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T a b le  1 . V is u a l ly  e s tim a te d  m o d a l  a n a l y s i s  r a n t ^ e s  f o r  v a r i o u s  
q u a r tz o f  e ld s p a th ic  l i t h o lo g ie s  from  1) th e  le u c o c r a t i c  Q . -F .  map 
u n i t ,  2 )  t h e  g a r n e t i f e r o u s  Q . - P .  map u n i t  a n d  3 ) th e  
p e l i t i c —a m p h ib o li t ic  map u n it ; ,  T -  tra c e  ajrnounts.
Map u n i t  
L ith o lo g y  






















Q uartz 20-43 2t)-45 40-45 25-50 8-46 20 23-50
P la g io lc a s e 12-30 10-18 15-20 41-69 2-42 25 3 -6
K -P e ld s ija r 33-5B 45-37 27-37 0 7-76 49 38-64
G arnet 0 -2 T 2-7 4-12 0-2 5 0 -2
H ornblende 0-1 - - - - - 3-6
Hypet'sthene - - 0-1 - - - 0 -T
B io t i t e T-2 - T T-3 T-4 T T
I r o n  O xide T T T-5 T -2 T-2 T T-2
M usco v ite 0 -T - 0 -T T T-1 - -
A l la n i t e - - - - - — T
A p a t i te T T T T T - T
Rut L ie T T T T T T T
Z irc o n T T T T T T T
Sphene Ü-T — 1' - T-2 — , —
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The h o rn b le n d e -q u a r tz -o r th o c la s e  l i t h o l o g y  o c c u r s  as  f l o a t  
t h r o u g h o u t  th e  m e t a - s e d i m e n t a r y  i n t e r c a l a t i o n  and i n  s p a r s e ,  
g r o u n d - le v e l  o u tc ro p s  w i t h i n  l o c a l l y  i n t e r g r a d a t i o n a l  c o n t a c t s  
b e t w e e n  q u a r t z o f  e l d s p a t h i c  and p e l i t i c  g n e i s s e s  w h e r e  b o t h  
l i t h o l o g ie s  I n t e r l a y e r .
L e u c o c r a t i c  and g a r n e t i fe r o u s  l i t h o l o g ie s  com prise  numerous 
l e n t i c u l a r  b o d i e s  a n d  s t r i n g e r s  w i t h i n  t h e  p e l i t i c  g n e i s s  
s e q u e n c e .  A lth o u g h  s i m i l a r  i n  a p p e a ra n c e  t o  t h o s e  com po sing  
t h ic k e r  u n i t s ,  t h e i r  modal co m p o s itio n s  a re  more v a r ia b le .  T a b le  
1 s u m m a r i z e s  t h e  m o d a l  r a n g e s  f o r  e a c h  q u a r t z o f  e l d s p a t h i c  
l i t h o lo g y  o c c u r r in g  w i th in  th e  v a r io u s  map u n i t s .
Q u a r tz -F e ld s p a r  and G a rn e t-Q u a r tz -F e ld s p a r  G neiss
Q u a r t z o f  e l d s p a t h ic  g n e is s  o u t c r o p s  a r e  a lm o st e x c lu s iv e ly  
made up o f  th e s e  two v e ry  s im i la r  l i t h o l o g i e s .  They fo rm  s u b t l e ,  
b l o c k y  o u t c r o p s  due t o  two o r  more w e l l - d e v e l o p e d  j o i n t  s e t s .  
W ith in  zones o f f r a c t u r i n g ,  o u t c r o p  g i v e s  way t o  r u b b l is h  h i l l  
t o p s .  On f r e s h  s u r f a c e s ,  t h e  g n e i s s e s  a re  w h ite  to  p a le  p in k ,  
b u t th e y  u s u a l ly  b re a k  a lo n g  jo in t s  o r  f r a c t u r e s  r e v e a l in g  o ra n g e  
to  y e llo w  w eath ered  s u r fa c e s .
B o t h  l i t h o l o g i e s  a r e  g r a n i t i c  in  c o m p o s itio n  (see  T a b le s  2 
a n d  3 ) .  Q u a r t z  c o n s t i t u t e s  o n e  q u a r t e r  t o  o n e  h a l f  t h e  
m i n e r a l o g y  a n d  c o m m o n l y  f o r m s  f l a t t e n e d ,  e l o n g a t e  l e n s e s  
im p a r t in g  b o th  f o l i a t i o n  and s tro n g  l i n e a t i o n .  An a v e ra g e  o f  2 0 % 
p l a g i o c l a s e  and 45% p o t a s s i u m  f e l d s p a r ,  t o g e t h e r  w i t h  e q u a n t  
q u a r t z ,  compose a g r a n o b la s t ic  m a t r i x .  H om ogenous, l e u c o c r a t i c
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Tab le  2 . V i s u a l l y  e s tim a te d  modal a n a ly s e s  f o r  q u a r t z - f e ld s p a r  
g n e is s  f r o m  ( 1 - 3 )  l e u c o c r a t i c  map u n i t s ,  ( 4 - 5 )  
g a r n e t i fe r o u s  map u n its  and (6 -8 )  p e l i t i c  map u n its .  T = 
tra c e  amounts.
1 2 3 4 5 6 7 8
Quartz 43 25 35 45 25 43 20 8
P lag io c lase
Anii_27
18 28 21 10 18 15 25 10
K -fe ld s p a r 33 43 40 45 57 38 49 76
Garnet 2 — 1 — T T 5 —
B io t i t e 2 1 2 — — T T 3
Hornblende — 1 — — — - — —
Iro n  Oxide T T T — — T T 2
Muscovite — — T — — - T —
A p a tite T T T — T — — -
R u tile T T T — — — T T
Zircon T T — T — — T —
Sphene T — — — — — — —
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T ab le  3 . V i s u a l l y  e s t i m a t e d  m o d a l  a n a l y s e s  T o r  ( 1 - 3 )  
g a r n e t - q u a r t z - f e l d s p a r  g n e i s s ,  ( 4 - 5 )  
g a r n e t - q u a r t z - p l a g l o c l a s e  g n e i s s  a n d  ( 6 - 7 )  
h o m b le n d e -q u a rtz -o rth o c la s e  gn eiss . T = tra c e  amounts.
1 2 3 4 ■ 5 6 7
Quartz 45 40 45 25 50 23 25
P la g io c la se
A ni8-29
18 15 20 69 41 3 5
K -fe ld s p a r 27 33 37 — — 64 58
Garnet 7 7 2 4 4 2 —
B io t i t e T T — 1 3 T T
Horriblende — — — - — 6 5
Hypersthene — 1 1 — — — T
Iro n  Oxide T 2 5 1 2 T T
A lJ a n lte — — — — - T T
A p a tite T — — T — T T
R u tile T T — T — — T
Z ircon T T T T T T T
Sphene — — T — — — —
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s p aced , l e n t i c u l a r  s e g re g a tio n s  w hich  enhance b o t h  f o l i a t i o n  and  
l i n e a t i o n .  A c c e s s o r y  c o n s t i t u e n t s  com prise ab o u t 7-10% o f most 
homogenous to  s t r o n g ly  banded  g a r n e t - q u a r t z - f e l d s p a r  g n e i s s e s .
C o a r s e - g r a i n e d  f e l d s p a t h i c  s e g r e g a t i o n s  f o r m  b o t h  t h i n  
s t r i n g e r s  c r o s s - c u t t i n g  f o l i a t i o n  and t h i c k  s u b - c o n f o r m a b l e  
m ig m a t i t i c  l a y e r s .  E u h e d r a l ,  p e r t h i t i c  f e ld s p a r  p o rp h y ro b la s ts  
up to  15 c e n t im e te rs  lo n g  a r e  c o n c e n t r a t e d  w i t h i n  t h e s e  l a y e r s  
b u t  l o c a l l y  p u n c t u a t e  f o l i a t e d  g n e is s e s  as w e l l .  The m ig m a tite  
p ro b a b ly  o r ig in a te d  v i r t u a l l y  in  p la c e  as th e  g n e i s s e s  u n d e rw e n t  
a n a te x is .
G r a n o b la s t ic  ( s e e  F ig u r e  5)) and f a i n t l y  to  s t r o n g ly  f o l i a t e d  
(see  F ig u re  4 ) t e x t u r e s ,  c h a r a c t e r is t ic  o f  many g r a n u l i t e  f a c i e s  
q u a r t z o f  e l d s p a t h i c  r o c k s  ( e . g .  S p r y ,  19 6 9 ) ,  a re  w e ll-d e v e lo p e d  
th ro u g h o u t th e  Arm stead a r e a .  F la t te n e d  le n s e s  o f  q u a r t z ,  up t o  
15 t im e s  lo n g e r  th a n  t h i c k ,  im p a r t  th e  s c h is t o s i t y  w hich v a r ie s  
i n  i n t e n s i t y  b e t w e e n  a d j a c e n t  l a y e r s  a n d  am ong s e p a r a t e  
e x p o s u r e s .  I n  a  g iv e n  a r e a ,  t h e  g n e i s s e s  may be hom ogenously  
f o l i a t e d  o r  c o n ta in  g r a n o b la s t ic  a l t e r n a t i o n s .  Where e x p o s e d ,  
b o u n d a r i e s  b e t w e e n  th e  two a r e  g r a d a t io n a l  o v e r  d i s t a n c e s  o f  
s e v e r a l c e n t im e te rs .
E lo n g a te  to  r ib b o n -s h a p e d  q u a r t z  g r a in s  c o n s is t  o f  s in g le  
c r y s t a ls  o r  c r y s t a l  t r a i n s  ( s e e  F ig u r e  4 ) .  E ach  c r y s t a l  most  
com m only spans th e  r ib b o n  w i d t h  and i s  s e p a ra te d  fro m  a d ja c e n t  
in d iv id u a ls  by s t r a ig h t  b o u n d a r ie s  p e r p e n d ic u la r  t o  t h e  r ib b o n  
l e n g t h .  R ib b o n s  h ave  s u t u r e d  t o  n e a r l y  s t r a i g h t  edges and in  
c o a rs e r  g ra in e d  g n e is s e s , a t t a i n  le n g th s  o f  n e a r ly  3 c e n t im e te r s .
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L a te ,  p o s t - c r y s t a l l i n e  s t r a i n  i s  d i f f e r e n t i a l l y  d e v e l o p e d  
w i t h i n  q u a r t z  a c r o s s  t h e  s p a n  o f  a t h i n  s e c t i o n .  T h is  i s  
exp re s sed  by a  range o f  e x t in c t io n s  fro m  s t r a ig h t  t o  u n d u lo s e  t o  
d e fo rm a tio n  banded .
F e ld s p a r  g r a in s  a r e  som ew hat f i n e r  th a n  t h o s e  o f  q u a r t z ,  
in e q u ig r a n u la r  and m o s tly  x e n o b la s t ic .  F l a t t e n i n g  o f  p o t a s s i u m  
f e l d s p a r  i n  th e  p la n e  o f  f o l i a t i o n  occurs w i t h in  some g n e is s e s .  
Random g ra in s  a re  b e n t ,  b ro ken  o r  u n d u lo s e . K - f e l d s p a r  d i s p l a y s  
a l l  d e g r e e s  o f  i n v e r s i o n  b e t w e e n  u n d u l o s e  o r t h o c l a s e  and  
g r id - tw in n e d  m ic r o c l in e .  P e r t h i t i c  e x s o lu t io n s  t a k e  t h e  f o r m  o f  
b l e b s ,  s t r i n g s  a n d  n e e d l e - l i k e  l a m i n a e .  P l a g i o c l a s e  i s  
a l b i t e - t w i n n e d  and l o c a l l y  a n t i p e r t h i t i c  w i t h  b a r ,  p a t c h  a n d  
r e p l a c e m e n t - l i k e  t e x t u r e s .  C o m p o s itio n s , d e te rm in e d  by v a r io u s  
e x t in c t io n  a n g le s  (F .  E . W r i g h t  1 9 1 3 ,  i n  M o o r h o u s e ,  1 9 5 9 ) ,  l i e  
w i t h i n  an  o l ig o c la s e  range o f An%i to  An29 * M ild  s e r i c i t i z a t i o n  
i s  c h a r a c t e r i s t i c .
Some t e x t u r e s ,  l o c a l l y  enhanced by d e fo rm a t io n , r e f l e c t  th e  
breakdown o f  th e  h ig h -g ra d e  fe ld s p a r  l a t t i c e .  A l b i t i c  r e a c t i o n  
z o n e s  r i m  K - f e l d s p a r  w here in  c o n ta c t w ith  o th e r  fe ld s p a r  g r a in s  
( s e e  F ig u r e  6 . M y r m e k i t e ,  a s y m p l e c t i c  g r o w t h  o f  q u a r t z  a n d  
p l a g i o c l a s e  a l s o  b o r d e r s  and em bays K - f e l d s p a r  g r a in  s e lv a g e s  
(s ee  F ig u re  7 ) .  W ith in  more deform ed r o c k s ,  b o t h  f e l d s p a r s  may 
f o r m  some s t r a i n e d ,  p o r p h y r o c l a s t i c  g r a in s  surrounded  by f i n e ,  
r e c r y s t a l l i z e d ,  s t r a i n - f r e e  g r a in s  ( s e e  F ig u r e  8 ) .  A l b i t i c  
v e i n - l i k e  s t r u c t u r e s  and t r a c e s  o f  m u s c o v i t e  c u t  and r e p l a c e  
s t r a in e d  K - fe ld s p a r  (s ee  F ig u re  6 ) .
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i
F ig u r e  4 .  Q u a r t z  r i b b o n  f a b r i c  w i t h i n  a  q u a r t z —f e l d s p a r  
g n e is s .  F i e l d  o f  v ie w  i s  8 .5  mm.
4
'*?r r  '
*2
%
F ig u r e  5 .  G r a n o b la s t lc  q u a r t z - f e l d s p a r  g n e is s ,  8 .5  mm,
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F ig u r e  6 .  S t r a i n e d  K - f e l d s p a r  g r a i n s  c o n t a i n  e x s o lv e d  
a l b i t i c  p l a g i o c l a s e  as  v e i n - l i k e  s t r u c t u r e s  a n d  
r e a c t io n  r im s ,  3«5 mm.
F ig u r e  7- O r t h o c l a s e  e m b a y e d  b y  
p l a g i o c l a s e - q u a r t z - b i o t i t e  in t e r g r o w t h ,  3«5 mm.
w o r m y
lb
F ig u r e  8 .  P o r p h y r o c l a s t i c  f e l d s p a r  w i t h i n  a p a r t i a l l y
* r e c r y s t a l l i z e d  m a t r ix  o f  q u a r t z ,  f e ld s p a r ,  m y rm e k ite  
and r a d i a l  b i o t i t e ,  3 *5  mrn.
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G a rn e t and b i o t i t e  d i s p l a y  m u l t i p l e  p h a s e  t e x t u r e s .  M ost  
g a r n e t  i s  i n  a g r a n u l a r  fo rm  w i t h i n  f o l i a  b u t  a l s o  o c c u rs  as 
o v o id ,  spongy grow ths  o f  s y n t e c to n ic  o r i g i n  and  as i d i o b l a s t i c ,  
u n d e fo rm e d  c r y s t a l s .  B i o t i t e  o f  p r e -  o r  s y n - t e c t o n ic  o r i g i n  i s  
k i n k e d  and a t t e n u a t e d  i n t o  s l i v e r s .  U n d e fo rm e d  s u b - p a r a l l e l  
f l a k e s  t  e X t u r a l l y  s u g g e s t  a l e s s  s t r e s s f u l  p h a s e  o f  
c r y s t a l l i z a t i o n .  P o s t - t e c t o n i c  b i o t i t e  p a r t i a l l y  r e p l a c e s  
i r o n - o x i d e  m i n e r a l s  and g a r n e t  as r a d i a t i n g  fa n -s h a p e d  g ro w th s ,  
fo rm in g  p a r t i a l  coronas ( s e e  F i g u r e  8 ) .  B o th  s u b - p a r a l l e l  and  
r a d i a l  b i o t i t e  b l a d e s  a r e  r e g u l a r l y  t e r m i n a t e d  b y  a 
b i o t i t e - a l b i t e  s p i d e r y  i n t e r g r o w t h  a n d  a r e  l o c a l l y  a 
l o w e r - te m p e ra tu re  g re e n  c o l o r ,  r e f l e c t i n g  a r e t r o g r e s s iv e  o r i g i n .  
C h l o r i t e  o n l y  r a r e l y  r e p l a c e s  g a r n e t  c r a c k  edg es  an d  b i o t i t e  
c le a v a g e  s u r fa c e s  o f  n o i i -h y d r o th e r m a l ly  a l t e r e d  ro c k s .
The a c c e s s o r y  c o n s t i t u e n t s ,  a p a t i t e ,  z i r c o n ,  r u t i l e  a n d  
a l l a n i t e  a r e  c l u s t e r e d  w i t h i n  g a r n e t i f e r o u s  and m a g n e t i t e - r i c h  
f o l i a  o r  random ly s c a t t e r e d .  M a g n e t i t e ,  i n  a b u n d a n c e s  up t o  5% 
w i t h i n  g a r n e t  i f  e rous  g n e is s ,  i s  uncommonly i n  c o n ta c t  w i t h  s m a l l ,  
c lo u d y ,  r e l i c t  o r th o p y ro x e n e  and h o r n b le n d e  g r a i n s  o v e r g r o w n  by  
g a r n e t .
G a r n e t - Q u a r t z - P la g io c la s e  G neiss
T h i s  l i t h o l o g y  ( s e e  T a b l e  3 )  f o r m s  r a r e l y  e x p o s e d  
i n t e r l a y e r s  w i t h i n  th e  g a r n e t i f e r o u s  q u a r t z o f e ld s p a t h ic  u n i t .  I t  
h a s  a n  e a s i l y  d i s i n t e g r a t e d ,  c o a r s e ,  g r a n u l a r  t e x t u r e .  D a rk  
r e d d is h  g a r n e t i f  e rous  bands a l t e r n a t e  w i th  t r a n s  l u s  c e n t  g r a y  and
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w h ite  q u a r t z - p la g i o c l a s e  l a y e r s .  The g n e is s  c o n s i s t s  o f  3 3 -5 0 %  
q u a r t z ,  40 -7 0 %  p l a g i o c l a s e ,  4-12% g a r n e t ,  1-3% b i o t i t e  and 1-2% 
m a g n e t i t e .
Q u a r t z  and p la g io c la s e  fo rm  a s e r i a t e ,  p u z z l e - l l k e  f a b r i c  o f  
I r r e g u l a r l y  s i z e d  and  s h a p e d  g r a i n s .  P l a g i o c l a s e  I s  s t r o n g l y  
a n t l p e r t h l t l c  and la c k s  a l b i t i c  r im s . G a rn e t has an a lm o s t s o l i d  
s u b - l d l o b l a s t I c  f o r m .  S u b - p a r a l l e l  b i o t i t e  b l a d e s  a n d  
I n t e r s t i t i a l  m a g n e t i t e  a lo n g  w i t h  c l u s t e r s  o f  rounded a p a t i t e ,  
z i r c o n  and r u t  l i e  g r a in s  o c c u r  w i t h i n  t h e  g a r n e t i f e r o u s  f o l i a .  
I n  zo n e s  o f  lo w - g r a d e  a l t e r a t i o n ,  t h i s  g n e is s  a l t e r s  r e a d i l y  and 
e x t e n s iv e ly  to  c h l o r i t e ,  s e r l c l t e  and q u a r t z .
H o rn b le n d e -Q u a r tz —O r th o c la s e  G neiss
T h i s  h o r n b l e n d e - b e a r i n g  g n e i s s  I s  q u i t e  v a r i a b l e  I n  
a p p e a ra n c e . One t y p i c a l ,  d i s t i n c t i v e  v a r i e t y  I s  a medium g r a i n e d  
p i n k  and b l a c k  banded g n e is s  I n  w hich h o rn b le n d e  prism s Im p a r t  a 
s tro n g  f o l i a t i o n  and l l n e a t l o n .  I n  a l t e r e d  a r e a s ,  t h i s  g n e is s  I s  
c o n s p i c u o u s l y  p i n k  a n d  g r e e n  due  t o  e p l d o t e ,  c h l o r i t e  and  
a c t l n o l l t e  as a l t e r a t i o n  m i n e r a l s .  O th e r  v a r i a t i o n s  I n c l u d e  a  
f i n e - g r a i n e d ,  d a r k  g r a y  g n e is s  I n  w hich l i g h t  g ra y  bands d e f in e  
r o o t l e s s .  I s o c l i n a l  f o l d s  I n  han d  s p e c im e n  and a l i g h t  b ro w n ,  
m e d iu m -g ra in e d , homogenous ro c k .
D e s p i t e  I t s  v a r i a b l e  a p p e a r a n c e ,  t h e  g n e is s  h as  a r a t h e r  
u n ifo rm  m in e ra lo g y  (s e e  T a b le  3 ) *  H o rn b lend e  (5 -1 0 % )  and  g a r n e t  
( 0 -2 % )  a r e  s u f f i c i e n t l y  a b u n d a n t  t o  g i v e  t h i s  o r t h o c l a s e - r l c h  
(5 0 -6 4 % ) g n e is s  I t s  r e l a t i v e l y  h i g h  c o l o r  I n d e x .  Q u a r t z  I s  a
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m a jo r  c o n s t i t u e n t  and a v e r a g e s  2 4%. P l a g i o c l a s e  o c c u r s  I n  
a c c e s s o ry  amounts o f  3 to  5%«
M i c r o s c o p i c a l l y ,  t h e  g n e is s  has a  s u b -e q u lg r a n u la r ,  a lm o s t  
p o ly g o n a l  t e x t u r e .  K - f e ld s p a r  I s  u n d u lo s e , p e r t h l t l c  o r t h o c l a s e .  
S l i g h t l y  l e n t i c u l a r  g r a in s  d e s c r ib e  a f a i n t  f o l i a t i o n .  Q u a rtz  I s  
g r a n o b la s t lc  to  ro u g h ly  l e n t i c u l a r .  A l b l t e - t w l n n e d  p l a g i o c l a s e  
occurs  as a few  s c a t t e r e d  g r a i n s .
P a r a l l e l  h o r n b le n d e  p r is m s  a r e  d is s e m in a t e d  o r  l a y e r e d . 
P le o c h ro ls m  I s  commonly = y e l lo w  to  y e l lo w -b ro w n , = o l i v e  and  
= brow n o r  d a r k  g r e e n .  H ornb lende enc lo s e s  r a r e  o r th o p y ro x e n e  
r e l i c s ,  m o s t ly  a l t e r e d  t o  an orang e-b ro w n  f i b r o u s  I n t e r g r o w t h  o f  
b i o t i t e  and a m p h ib o le .  O r th o c la s e ,  p la g io c la s e  and q u a r tz  embay 
and c u t  some h o r n b l e n d e ,  c r e a t i n g  I n t e r s t i t i a l  a n d  s k e l e t a l  
g r a i n s .  A f e w  d a r k  g r e e n  h o r n b l e n d e  g r a i n s  s u g g e s t  l o c a l  
( r e ) c r y s t a l l i z a t i o n  o f  h o rn b le n d e  a t  lo w e r  t e m p e r a t u r e s  t h a n  t h e  
m a j o r i t y  o f  h lg h - te m p e r a t u r e  o l i v e  c o lo r .
PELIT IC  GNEISS AND SCHIST
A lu m in o u s  g n e i s s e s  and s c h i s t s  c o m p r is e  th e  m a j o r i t y  o f  a 
t h i c k ,  r e p e t l t l o u s l y  I n t e r l a y e r e d ,  d o m in a n t ly  m e t a - s e d l m e n t a r y  
p a c k a g e .  L i t h o l o g i e  s t r a t a  o f  c o n t r a s t i n g  a n d  v a r i a b l e  
m in e r a lo g ie s  (s e e  T a b le  4 )  I n t e r c a l a t e  on a s c a l e  o f  l e s s  t h a n  
o n e  c e n t i m e  t e r  t o  a b o u t  tw o  m e t e r s .  M o s t  11 t h o l o g i e s  a r e  
o b s e rv a b le  o n ly  where exhumed I n  e x p l o r a t i o n  p i t s ,  g u l l i e s  and  
r o a d  c u t s .  Much o f  th e  sequence c o n s is ts  o f  a b l o t I t e - r l c h  rock  
w e a t h e r e d  t o  a n  I r o n - s t a l n e d , m i c a c e o u s  s o i l .  W h i t e  
q u a r t z - f e l d s p a r  v e in s ,  where I n t a c t ,  p a r a l l e l  f o l i a t i o n .  Im p a r t  a
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Tab le  4 . Estliriated inodal c o m p o s i t io n s *  f o r  ( 1 - 3 )  t y p i c a l  p e l i t i c  
gneiss and (4—6) minor v a r ia t io n s .  T = t ra c e  amounts.
1 2 3 4 5 6
Quartz 20 39 20 — — 7
P lag ioc lase 25 23 37 — 83 —
K -Feldspar — - 35 76 — —
B io t i t e 15 14 2 2 15 2
S i l l im a n i te 10 3 2 15 T 84
Gam et 16 20 5 T — 3
Muscovite T — 1 T — —
Zircon — — — — T —
R u t i le T — — T — —
Sphene — — — T — 1
G raphite 2 — — - — —
M agnetite — T T 5 1 3
*  L o w -g ra d e a l t e r a t i o n m in e r a is f ig u r e d i n  w i t h p r im a ry m in e r a l
percentages.
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s t ro n g  l l t - p a r - l i t  b a n d in g  and d e l i n e a t e  i n t r i c a t e ,  i s o c l i n a l  
f o l d s .
D u r a b l e  g n e i s s i c  i n t e r l a y e r s  a r e  c o m m o n ly  o f  a 
q u a r t z - f e l d s p a r - r i c h  l i t h o l o g y  w i t h  a f a i r l y  c o n s i s t a n t  
m in e r a l o g y :  1-5% m a g n e t i te  + 10-15% s i l l i m a n i t e  + 2- 15% b i o t i t e
+ 5-20% g a r n e t  + 23-37% p la g io c la s e  + 0 -35%  K - f e l d s p a r  + 2 0 -3 9 %  
q u a r t z .  T h i s  g n e is s  d o m in a te s  a 125 m e te r  t h i c k  p o r t io n  o f  th e  
p e l i t i c  s e q u e n c e  w h i c h  c r o p s  o u t  i n t e r m i t t e n t l y ,  y e t  
c o n s i s t e n t l y ,  w i t h i n  each exposure  o f  t h i s  map u n i t .  The g n e is s  
i s  d a rk  r e d d i s h  b row n t o  d a r k  g r a y  and  w e a th e r s  t o  l o w - l y i n g ,  
j o i n t e d  to  rounded o u tc ro p s .  Bands o f  numerous, e q u id im e n t io n a l , 
p u r p l is h  g a rn e ts  s ta n d  o u t  i n  base r e l i e f  on w e a th e r e d  s u r f a c e s .  
S i l l i m a n i t e  may be v i s i b l e  i n  hand s p e c im e n  as s u b - p a r a l l e l ,  
w h ite  n e e d le s  i n t e r  grown w i t h  f o l i a t e d  b i o t i t e  g i v i n g  i t  a d u l l ,  
p l a s t e r e d  down a p p e a ra n c e . G a rn e ts  a d d i t i o n a l l y  im p a r t  a  knobby, 
u n d u la to ry  c h a r a c te r  t o  th e  s c h i s t o s i t y  w hich wraps them .
A c o a r s e ,  s e r i a t e ,  i r r e g u l a r l y  i n t e r l o c k i n g  q u a r t z - f e l d s p a r  
m a t r ix  sup p o rts  p r is m a t ic  s i l l i m a n i t e ,  d a r k  r e d ,  b la d e d  b i o t i t e  
and l e n t i c u l a r  q u a r tz  (s e e  F ig u r e  9 ) -  A lb i t e - t w in n e d  p la g io c la s e  
c o n t a i n s  a b u n d a n t  f i b r o u s  s i l l i m a n i t e ,  l o c a l l y  a l t e r e d  t o  
f i n e - g r a i n e d ,  f l a k e y  masses o f  p y r o p h y l l i t e  and s e r i c i t e .
T h e  s c h i s t o s i t y  i s  d e f l e c t e d  b y  l a r g e ,  r o u n d i s h ,  
p o i k i l o b l a s t i c ,  p in k  g a r n e t s .  The g a rn e ts  have embayed edges and 
c o n ta in  abundant q u a r t z  and b i o t i t e  i n c l u s i o n s  i n  a f a i n t  z o n a l  
a r r a n g e m e n t  w h i c h  s u g g e s t s  v a r i a b l e  r a t e s  o f  g r o w t h  a n d  
p o s t - t e c t o n i c  o v e rg ro w th  o f  th e  r ib b o n  q u a r tz  w rap p in g  around
2^
F ig u r e  9 . P e l i t i c  g n e i s s ,  p o r p h y r o b l a s t i c  g a r n e t  c o n ta in s  
r ib b o n  q u a r t z  i n c l u s i o n ,  q u a r t z  r ib b o n s  ( d a r k )  w ra p  
g a r n e t ,  m a t r i x  c o n t a i n s  p l a g i o c l a s e ,  b i o t i t e  and  
f ib r o u s  s i l l i m a n i t e  p a r t i a l l y  a l t e r e d  t o  s e r i c i t e  and  
p y r o p h y l l i t e ,  3 -5  mm.
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them (s e e  F ig u r e  9 ) -
T h i n ,  n e a r l y  mo nomine r a i l  c la y e r s  a re  n o t uncommon. Layers  
o f  c o a rs e ,  u n c e m e n te d , f l a k y  b i o t i t e  c o n t a i n  s p a r s e  g r a i n s  o f  
g a r n e t  a n d  q u a r t z .  Q u a r t z - d e f i c i e n t  s i l l i m a n i t e ,  
8 i l l i m a n i t e - o r t h o c l a s e  and b i o t i t e - p l a g i o c l a s e  g n e is s e s  o c c u r  as  
w e l l  as q u a r t z  i  t i c  and g a r n e t  i f  e rous  bands. T h is  c o m p o s it io n a l  
d i v e r s i t y ,  no d o u b t ,  r e p re s e n ts  th e  in h e r e n t  in lio m o g e n e ity  o f  t h e  
p a r e n t  p e l i t i c  s t r a t i f i c a t i o n  e n h a n c e d  by t h e  m e ta m o rp h ic  
processes  o f  d i f f e r e n t i a t i o n  and a n a t e c t i c  r a i g m a t i z a t i o n ,  f o r  
w h ic h  f i e l d  r e l a t i o n s  a r e  d o c u m e n ta t iv e . An e x c e l l e n t  exposure  
o f  p e l i t i c  g n e is s  and m ig m a t i t e  o c c u rs  on t h e  s o u t h e r n  edge o f  
t h e  map a r e a .  S i l l i m a n i t e  g n e is s ,  a to u g h , f i b r o u s ,  p a le  g re e n  
r o c k ,  o c c u r s  a s  c o n f o r m a b l e  l a y e r s  w i t h i n  a g r a y ,  
s i l l i m a n i t e - r i c h  p e l i t i c  g n e is s  and c o n ta in s  v o lu m in o u s , p in k ,  
p o r p h y r o b l a s t i c  m ig m a t i t e  l a y e r s .  The m ig m a t i t e  p in c h e s  a n d  
s w e l l s  c o n t o r t i n g  t h e  g n e is s ic  la y e r s  which l o c a l l y  fa d e  i n t o  o r  
a r e  e n g u l f e d  by t h e  q u a r t z - f e l d s p a r  r o c k .  The m ig m a t i t e  a n d  
s i l l i m a n i t e  g n e is s  a p p e a r  t o  r e p re s e n t  th e  p a r t i a l  m e lt  and th e  
q u a r t z - f e l d s p a r - d e p l e t e d  res iduum  fo rm e d  d u r i n g  a n a t e x i s  o f  t h e  
p e l i t i c  g n e is s .
T h e  m i g m a t i t  i c  r o c k  o c c u rs  i n  a b u n d a n c e  t h r o u g h o u t  t h e  
p e l i t i c  map u n i t  a s  s h a r p l y - b o u n d , c o n c o r d a n t  l a y e r s  a n d  
sub c o n c o r d a n t  b o d ie s  w i t h  d i s c o r d a n t .  I n t r u s i v e  c o n ta c ts .  The 
ro c k  v a r ie s  t e x t u r a l l y  ra n g in g  fro m  p e g m a t o id ,  w i t h  g r a p h i c a l l y  
i n t e r g r o w n  f e l d s p a r  and q u a r t z ,  t o  g r a n o b l a s t l c  o r  f o l i a t e d .  
S l a b s ,  s t a i n e d  f o r  p o t a s s iu m  f e l d s p a r ,  i n d i c a t e  p e r t h i t e  a n d
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a n t l p e r t h l t e  o c c u r  i n  v a r io u s  r a t i o s  w h i l e  q u a r t z  i s  r e l a t i v e l y  
s u b o r d in a te  i n  q u a n t i t y .
T h e  l i t - p a r - l i t  b a n d i n g  t y p i c a l  o f  t h e s e  g n e i s s e s  i s  
im p a r te d  by t h i n ,  c l o s e l y - s p a c e d ,  c o n fo r m a b le  q u a r t z - f e l d s p a r  
v e i n s .  T h e s e  h a v e  s t r a i g h t  to  wavy b o u n d a r ie s  w h ic h  commonly 
b e a r  m a f i c - r i c h  s e lv a g e s  and p ro b a b ly  o r ig in a t e d  by a c o m b in a t io n  
o f  d i f f e r e n t i a t i o n  and a n a t e x i s  o f  th e  h o s t ro c k s .  A few  which  
cro ss  c u t  s c h i s t o s i t y  and o f f s e t  t h e  e a r l i e r  f o l d e d  v e in s  w e re  
o b v io u s ly  emplaced s u b s e q u e n t ly  by d i a l a t i o n .
MARBLE AND QUARTZITE
P o d s  o r  b o u d in s  o f  d o l o m i t i c  m a r b le  and i n t e r s t r a t i f i e d  
q u a r t z i t e ,  q u a r t z - f e l d s p a r  r o c k  and m in o r  p e l i t i c  g n e is s  a r e  
s c a t t e r e d  t h r o u g h  t h e  m e t a - s e d i m e n t a r y  l i t h o l o g i e  s e c t i o n .  
I n d i v i d u a l  l a y e r s  b e a r  d i s t i n c t i v e  t e x t u r e s ,  c o l o r s  a n d  
m i n e r a l o g i e s  w h ic h  re n d e r  them l o c a l l y  re c o g n iz a b le  a lo n g  s t r i k e  
w i t h i n  c o n s e c u t iv e  b o u d in .  C o lo rs  range from  d a rk  g reen  to  f l e s h  
o r  w h i t e  d e p e n d in g  u p o n  t h e  s p e c ie s  and p e rc e n ta g e s  o f  s i l i c a t e  
m in e r a ls  p re s e n t  (s e e  T a b le  5 ) *  The m ore s i l i c e o u s  m a r b le s  a r e  
w e l l  l a y e r e d  and d i s p l a y  t i g h t ,  c o n c e n t r i c  f o l d s  whereas more 
c a r b o n a t e - r i c h  l i t h o l o g i e s  a r e  m o s t ly  m a s s iv e  w i t h  b o u d in a g e d  
s i l i c a t e  la y e r s  and d is h a rm o n ie  f o l d s .
M a r b le s  and a d j a c e n t  s i l i c e o u s  r o c k s  a r e  c o n s p i c u o u s l y  
c a rb o n a c e o u s  and com monly c o n t a in  5% g r a p h i te  and l o c a l l y  up to  
a b o u t  15%. T h is  seems to  i n d i c a t e  t h a t  t h e s e  ro c k s  r e p r e s e n t  a 
b i o l o g i c a l l y  a c t i v e  en v iro n m e n t o f  d e p o s i t io n .
27
D o lo m ite ,  d i s t i n g u i s h e d  f ro m  c a l c i t e  by i t s  a l t e r a t i o n  t o  
s e r p e n t i n e  and i t s  g e n e r a l l y  c lo u d y  c h a r a c t e r ,  i s  th e  dom inant  
c a rb o n a te  m in e r a l .  I n  m a g n e s iu m -r ic h , c a l c - s i l i c a t e  g n e i s s , i t  
i s  perhaps th e  o n ly  c a rb o n a te  ph ase .
L i t h o l o g i e s  dom inated  by c a rb o n a te  d is p la y  c o a rs e ,  p o ly g o n a l  
f a b r i c s  w i t h  a f a i n t  s c h i s t o s i t y  im p a r t e d  by b la d e d  p h lo g o p i te  
and  g r a p h i t e .  W i t h i n  t h e  m o re  s i l i c e o u s  m a r b l e s ,  q u a r t z ,  
z o i s i t e ,  d i o p s i d e ,  p l a g i o c l a s e  a n d  c a r b o n a t e  te n d  to  fo rm  
l e n t i c u l a r  a g g re g a te s  o f  p o ly g o n a l  c r y s t a l s .  These le n s e s  a p p e a r  
t o  be d is m e m b e re d  com petent l a y e r s  s e p a ra te d  by th e  more d u c t i l e  
c a r b o n a t e  m i n e r a l s  w h ic h  m i g r a t e d  i n t o  t h e  s t r a i n  s h a d d o w s  
c r e a t e d  w i t h i n  t h e  p in ch ed  a r e a s .  Z o i s i t e ,  d io p s id e  and o l i v i n e  
a ls o  o c c u r  as p e r f e c t l y  form ed prism s random ly s p r i n k l e d  t h r o u g h  
more h e te ro g en eo u s  m a rb le  l a y e r s .
T h e  q u a r t z - f e l d s p a r  l i t h o l o g i e s  commonly e x h i b i t  a c o a rs e ,  
g r a n o b la s t lc  t e x t u r e  and a b lu is h  c o l o r .  The more q u a r to s e  r o c k s  
( s e e  T a b le  5 )  a r e  f i n e r - g r a i n e d  and f l e s h - c o l o r e d  to  d a rk  brown. 
I n  t h i n  s e c t i o n ,  q u a r t z i t e  i s  n e a r l y  p o l y g o n a l  b u t  s l i g h t l y  
f o l i a t e d .  B i o t i t e ,  g r a p h i t e ,  g a r n e t  and m a g n e t i te  a re  r e g u l a r l y  
spaced a t  th e  t r i p l e  ju n c t io n s  o f  f l a t t e n e d  q u a r t z  and 
f e l d s p a r  g r a in s .
FERRUGINOUS GNEISS
I r o n - s  i l l  c a t e - r i c h  q u a r t z i t e s  c o n s t i t u t e  a m in o r  p o r t i o n  o f  
t h e  p e l i t i c  g n e is s  and s c h i s t  s e c t i o n .  T h e y  o c c u r  m a i n l y  as  
f l o a t  b u t  a l s o  a p p e a r  i n  r a r e  e x p o s u r e s  as  l a y e r s  and pods no
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more th a n  a fe w  c e n t im e t e r s  i n  t h i c k n e s s  i n t i m a t e l y  a s s o c i a t e d  
w i t h  m a f i c ,  p e l i t i c ,  c a l c a r e o u s  a n d  g a m e t i f e  r  ou s 
q u a r t z o f e ld s p a t h ic  l i t h o l o g i e s .
U p  t o  a b o u t  3 5 % h o r n b l e n d e ,  20% h y p e  r s  t h e n e  o r  
c l in o h y p e r 8th e n e  and 29% g a r n e t  com prise  th e  s i l i c a t e  m in e r a ls  i n  
w h ic h  m o s t o f  t h e  i r o n  i n  t h e s e  g n e is s e s  i s  b o u n d . M a g n e t i te  
o c c u r s  u b i q u i t o u s l y  b u t  i n  o n l y  s m a l l  a m o u n ts  u p  t o  5% • 
P la g io c la s e  i s  l o c a l l y  and q u a r t z  everyw h ere  a m a jo r  c o n s t i t u e n t .
F e r ru g in o u s  g n e is s  appearances  a r e  more d i v e r s e  t h a n  t h e i r  
m o d a l c o m p o s i t io n s  (s e e  T a b le  5 ) ,  making th e  l i t h o l o g y  d i f f i c u l t  
t o  r e c o g n i z e  i n  t h e  f i e l d .  T h r e e  v a r i e t i e s  s t u d i e d  i n  t h i n  
s e c t i o n  i n c l u d e :  1 )  a m a s s iv e ,  b l a c k ,  q u a r t z - h o r n b l e n d e  ro c k
p u n c tu a te d  by p o i k i l o b l a s t i c  g a r n e ts ;  2 ) a g re e n  and re d  l a y e r e d  
h o r n b l e n d e - g a r n e t  q u a r t z i t e  and 3 )  a c h o c o la t e - b r o w n ,  g la s s y ,  
h y p e rs th e n e -q u a r tz  ro c k .
A l l  t h r e e  l i t h o l o g i e s  d i s p l a y  a m o d e r a t e  t o  s t r o n g  
m ic ro s c o p ic  f o l i a t i o n  d e s p i t e  t h e i r  r a t h e r  m a s s iv e  m e s o s c o p ic  
c h a r a c t e r ,  I d i o b l a s t i c  t o  s u b i d i o b l a s t i c  h o r n b le n d e  p r is m s ,  
w h i c h  p a r a l l e l  g n e i s s o s i t y ,  a r e  e v e n l y  d i s p e r s e d  w i t h  
i n t e r s t i t i a l ,  s h a p e le s s  p l a g i o c l a s e  and q u a r t z .  Am phibole i n  
shades o f  brown and g re e n  i n  s e p a r a te  rocks  p e rh a p s  c r y s t a l l i z e d  
a t  d i f f e r i n g  t e m p e r a tu r e s .  S h o r t ,  b ro ken  pyroxene p r is m s , where  
p r e s e n t ,  a r e  a s s o c i a t e d  w i t h  a n d  p a r t i a l l y  r e p l a c e d  b y  
h o rn b le n d e .
The h y p e r s t h e n e - r i c h  l i t h o l o g y  e x a m in e d  d i f f e r e d  fro m  th e  
o th e r s  i n  i t s  l a c k  o f  am phibo le  and th e  predom inance o f
29
Tab le  5 . V is u a l ly  e s t i m a t e d  m o d a l ra n g e s  f o r  ( 1 )  f e r r u g in o u s  
gneiss , (2 )  q u a r t z i t e  and ( 3 )  c a l c - s i l i c a t e  m a rb le .  T = 
t ra c e  amounts.
1 2 3
Hornblende 0-35 — —
Hypersthene 0-20 — -
C l i  notiy pe rs thene 0-6 — —
Diopside — — 0-25
O l iv in e 0-2 — 3-10
C a lc i te 0-3 — T-25
Dolomite - — 33-48
Z io s i te - - T-27
Quartz 22-48 54-84 0-15
P lag ioc lase T-20 5-23 0-24
K -fe ld s p a r — 0-20 —
Gam et 15-29 0-1 —
B i o t i t e — 2-10 —
Phlogopite — — 0-7
M agnetite 1-5 0-3 —
Zircon 0-1 — —
Sphene T-3 — 0-3
A p a t i te T - —
G raphite — 0-5 1 /2 -5
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s y m p le c t ic  in t e r g r o w t h s .  Large  amoebolcl g r a in s ,  le n s e s  and v e in s  
o f  q u a r t z  a r e  b o r d e r e d  by a h y p e r s t h e n e - p l a g i o c l a s e  g r a p h i c  
in t e r g r o w t h .  The s e p a r a t io n  o f  q u a r t z  and l a r g e ,  b le b b y  g a r n e t s  
f ro m  p l a g i o c l a s e  by hypers  th e n e  rim s suggests  n o n -ach ievem en t o f  
e q u i l i b r i u m .  S p ik e y  in c lu s io n s  w i t h i n  g a r n e t  may h a v e  r e s u l t e d  
f ro m  o v e rg ro w th  o f  th e  s u rro u n d in g  s y m p le c t i t e .  H yp ers th en e  a ls o  
occu rs  i n  c l o t s  o f  f o l i a t e d ,  i n t e r l o c k i n g  p rism s w i t h  f a i n t  p i n k  
and c o lo r le s s  p le o c h ro is m .
MAFIC GNEISSES
T h i n ,  s t r a t i f o r m  i n t e r l a y e r s  o f  m a f ic  g n e is s e s  c o n s t i t u t e  an 
im p o r ta n t  y e t  u n c e r t a in  p o r t io n  o f  th e  p e l i t i c  g n e is s  and s c h i s t  
map u n i t .  I n d i v i d u a l  l a y e r s  a r e  m o s t ly  le s s  th a n  t h r e e  m eters  
b u t l o c a l l y  a t t a i n  a t  l e a s t  120 m e te rs .  A lth o u g h  no l a y e r i n g  was 
o b s e r v a b l e  w i t l i i n  t h e  m a f i c  g n e is s  i t s e l f ,  u n i t s  do l o c a l l y  
c o n ta in  f e ld s p a t h i c  o r  p e l i t i c  l e n t i c u l a r  seajns. The p re d o m in a n t  
o f  t h e s e  l i t h o l o g i e s  i s  a n  a m p h i b o l i t i c  g n e i s s  i n  w h ic h  
p la g io c la s e  exceeds h o rn b le n d e  i n  abundance. T e x t u r a l  v a r i a t i o n s  
ra n g e  from  a f i n e - g r a i n e d , d a rk  g r a y is h  brown to  b la c k  homogenous 
r o c k  t o  a  c o a r s e l y  s t r e a k e d ,  b l a c k  and w h i t e  g n e is s  i n  w h ic h  
p r e f e r e n t i a l  o r i e n t a t i o n  o f  f l a t t e n e d  p la g io c la s e  and h o rn b le n d e  
le n s e s  im p a r t s  a f a i n t  f o l i a t i o n  and a s t r o n g  l i n e a t i o n .  The  
i n t e n s e  d e f o r m a t i o n  r e f l e c t e d  i n  t h i s  t e x t u r e  u n d o u b t e d ly  
o b l i t e r a t e d  any o r i g i n a l  t e x t u r e s  and  o b s c u re d  p o s s i b l e  b e d d in g  
o r  l a y e r i n g .
T h e  a m p h i b o l i t i c  g n e is s  c o n s i s t s  o f  40 -65%  p l a g i o c l a s e .
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12-44% h o rn b le n d e ,  3-25%  h y p e r s t h e n e ,  T ra c e -4 %  d i o p s i d e ,  0 -10%  
q u a r t z ,  0-6% g a r n e t ,  2-6% m a g n e t i te  and t r a c e s  to  s e v e r a l  p e rc e n t  
r u t i l e ,  z i r c o n ,  a p a t i t e ,  s p h e n e ,  b i o t i t e  and K - f e l d s p a r  ( s e e  
T a b le  6 ) .  A compos i t  i o n a l l y  s i m i l a r ,  d a r k  g r a y ,  f i n e - g r a i n e d  
h o r n b le n d e - f r e e  m a f ic  g n e i s s ,  meso s c o p i c a l l y  i n d i s t i n g u i s h a b l e  
f ro m  i t s  a m p h i b o l i t i c  c o u n t e r p a r t ,  has modal e s t im a te s  o f  40-63%  
p l a g i o c l a s e ,  20-30% h y p e r s t h e n e ,  5-6%  d i o p s i d e ,  10 -1 8 %  q u a r t z ,  
2 -5%  m a g n e t i t e  o r  i l i n e n i t e  and t r a c e s  o f  r u t i l e ,  b i o t i t e  and  
a p a t i t e .
T o t a l  t h i c k n e s s  o r  a b u n d a n c e  o f  each l i t h o l o g y  i s  ren d e re d  
in d e te r m in a b le  by t h e i r  c h a r a c t e r i s t i c  i n t e r  l a y e  r i n g  w i t h  o t h e r  
l i t h o l o g i e s  and t h e  r a r i t y  o f  e x p o s u r e s .  P e l i t i c  g n e is s e s  and 
s c h i s t s  a r e  a p p a r e n t l y  t h e  m ost a b u n d a n t ,  w i t h  a m p h i b o l i t i c  
g n e is s  s e c o n d ,  t h e n  q u a r t z o f  e ld s p a th ic  g n e is s  p lu s  m ig m a t i te  and 
p y r o x e n e -p la g io c la s e  g n e is s ,  in  descending  o r d e r .
T h e  v a r i o u s  fo rm s  o f  h o r n b le n d e  w h ic h  i n c l u d e  p a r a l l e l , 
s u b i d i o b l a s t i c  p r is m s ,  le n s o id  g r a in s  and l e n t i c u l a r ,  p o l y g o n a l  
c r y s t a l  a g g r e g a t e s ,  a l l  i m p a r t  a m odera te  to  s tro n g  m ic ro s c o p ic  
l i n e a t i o n  (s e e  F ig u r e  1 0 ) .  P le o c h r o ic  c o l o r s  a r e  commonly h i g h  
t e m p e r a t u r e  brow ns and o l i v e s ,  how ever, lo w e r  te m p e ra tu re  greens  
and b lu e -g re e n s  c h a r a c t e r i z e  some ro c k s .  P a le  g r e e n  a c t i n o l i t i c  
a l t e r a t i o n  l o c a l l y  r i m s  h o r n b l e n d e  g r a i n s  and a c c e n t u a t e s  
c le a v a g e  t r a c e s .
W i t h i n  p y r o x e n e - p l a g i o c l a s e  g n e i s s ,  p y r o x e n e  o c c u rs  as  
u n o r ie n t e d ,  s tu b b y  p r ism s random ly d i s p e r s e d  w i t h i n  a p o l y g o n a l  
p l a g i o c l a s e - r i c h  m a t r ix  (s e e  F ig u r e  1 1 ) .  Pyroxenes o f  th e
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Table  6• V is u a l ly  e s t i m a t e d  m o d a l  a n a l y s e s *  f o r  ( 1 - 4 )  
p y r o x e n e - h o r n b l e n d e - p l a g i o c l a s e  g n e i s s  a n d  ( 5 - 6 )  
pyroxen e-p lag ioc lase  gneiss , T = tra c e  amounts.
1 2 3 4 5 6
P lag io c la s e
An45_63
45 42 46 65 40 63
Hornblende 30 39 15 12 — —
Hypersthene 11 3 25 7 30 20
Diopside 4 T T 3 6 5
Quartz — — 10 5 18 10
G am et 2 3 — 6 — —
M agnetite 4 6 2 2 5 2
B io t i t e — 2 T T — T
K-Peldspar — — T — — —
A p a tite 3 1 T T T T
Zircon — — T T —
R u t i le — — — T —
*  L o w -g ra d e a l t e r a t i o n m in e r a l s f ig u r e d  i n w i t h p r im a ry m in e ra ]
percentages.
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F igure  ID .  Pyroxene-hornb lende—p la g io c la s e  gneiss, fa b r ic  due to
l e n t ic u la r ,  l in e a te d  hornblende, fo ld  nose shown, 8 .5  mm.
F ig u r e  11. P y r o x e n e - p l a g i o c l a s e  g n e is s ,  g r a n o b la s t l c  f a b r i c ,  3 .5  
mm.
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f o l i a t e d ,  h o r n b l e n d e - r i c h  l i t h o l o g i e s ,  h o w e v e r ,  u s u a l l y  f o r m  
g r a n u l a r  o r  b r o k e n  g r a i n s ,  l o c a l l y  e n g u l f e d ,  c u t  o r  embayed b y ,  
b u t  m o s t l y  c o e x i s t i n g  i n  a p p a r e n t  e q u i l i b r i u m  w i t h  h o r n b l e n d e .  
D i o p s i d e  e x h i b i t s  f a i n t  p l e o c h r o i c  s h a d e s  o f  g r e e n  w h i l e  
h y p e r s t h e n e  h a s  i r o n - s t a i n e d  c l e a v a g e s  a n d  b a r e l y  p e r c e p t i b l e  
p i n k  a n d  g r e e n  p l e o c h r o i s m .  P s e u d o m o r p h i c  a g g r e g a t e s  o f  
d i o p s i d e ,  m a g n e t i t e ,  q u a r t z ,  h o r n b l e n d e  a n d  g a r n e t  l o c a l l y  f o r m  
h y p e r s t h e n e  r e p l a c e m e n t s .
A l b i t e - t w i n n e d  p l a g i o c l a s e  g r a i n s  a r e  e i t h e r  p o l y g o n a l  and 
e q u a n t  o r  i r r e g u l a r l y  i n t e r l o c k i n g  a n d  l e n t i c u l a r ,  p a r a l l e l  t o  
l i n e a t i o n  a n d  f o l i a t i o n .  C r y s t a l l o g r a p h i c  o r i e n t a t i o n s  a r e  
e x t r e m e l y  a l i g n e d  t o  r a n d o m  a n d  p r e s u m a b l y  r e c r y s t a l l i z e d .  
Pe r i c l i  n e  t w i n s ,  b e n t  t w i n  l a m e l a e  a nd  u n d u l o s e  e x t i n c t i o n  
s u g g e s t  l o c a l  p o s t - c r y s t a l l i n e  d e f o r m a t i o n .
ULTRAMAPIG ROCKS
S m a l l ,  e l l i p t i c a l  b o d ie s  o f  metamorphosed u l t r a m a f i c  ro c k s ,  
d is p e rs e d  th ro u g h o u t  much o f  th e  Archean basement o f  S o u th w e s te rn  
M o n t a n a  ( e . g . ,  D e s m a r a i s ,  1 9 7 8 ) ,  a r e  o f  i s o l a t e d ,  y e t  
w id e -s p r e a d ,  o c c u rre n c e  w i t h i n  a l l  g n e is s  ty p e s  o f  t h e  A rm s te a d  
a r e a .  Pods o r  b o u d in s  a r e  m o s t ly  le s s  th a n  two m eters  b u t up to  
a t  l e a s t  15 m ete rs  t h i c k .  T h e y  a r e  c o n c o r d a n t l y  o r i e n t e d  w i t h  
r e s p e c t  t o  t h e  f o l i a t i o n  o f  t h e  e n c l o s in g  g n e is s e s ,  p resum ably  
due t o  m ovem ent a l o n g  t h a t  f o l i a t i o n  d u r i n g  p l a s t i c  s h e a r  
d e f o r m a t i o n .  Tiie u l t r a m a f i c  pods a r e  commonly w e l l - f r a c t u r e d  and 
t h e i r  e x p o s u r e ,  a l t h o u g h  u s u a l l y  b e t t e r  t h e n  t h a t  o f  t h e  h o s t
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r o c k s ,  i s  f a i r l y  p o o r  and f i e l d  r e l a t i o n s  a r e  o b s c u r e .  No 
t e x t u r a l  o r  m i n e r a l o g i c a l  r e a c t io n  zones were n o te d ,  how ever, no 
e x te n s iv e  s e a rc h  was made.
T h r e e  d i s t i n c t  ro c k  ty p e s  occu r (see  T a b le  J ) :  1 ) m ass ive ,
a n h y d r o u s ,  t w o - p y r o x e n e  r o c k ;  2 )  w e l l - l i n e a t e d  a n d  f o l i a t e d  
h o r n b l e n d i t e ;  and 3 )  p a l e ,  o f f - w h i t e  o r  g r a y ,  m e t a - r o d in g i t i z e d  
p y r o p e - e n s t a t i t e  r o c k .
D u l l ,  b l a c k  p y r o x e n i t e  i s  composed o f  about 35% h y p e rs th e n e  
and 60% c l in o p y ro x e n e  w hich c r e a t e  a s t r o n g ly  f o l i a t e d  f a b r i c  o f  
i n t e r l o c k i n g ,  s u b p a r a l l e l ,  e l o n g a t e  p r is m s .  H y p e r s th e n e  i s  
c h a r a c t e r i s t i c a l l y  c ra c k e d  and l o c a l l y  s e g m e n te d  w h e re  r e p l a c e d  
by u n d e fo rm e d  c l i n o p y  ro x e n e . E u h e d ra l c h ro m ite  i n  t r a c e  amounts 
up to  3% i s  th e  o n ly  a c c e s s o ry  m in e r a l .  L o c a l ly ,  p a r a l l e l  s h e a r s  
a l l o w e d  t h e  p e r m e a t i o n  o f  h y d r o u s  s o l u t i o n s  a n d  c o m p le t e  
s e r p e n t i n i z a t i o n  i n  zones a fe w  m i l l i m e t e r s  t h i c k .
T h e  f o l i a t e d  f a b r i c  a n d  a n h y d r o u s  m i n e r a l o g y  o f  t h i s  
p y r o x e n i t e  im p ly  c o m p le te  m e ta m o rp h ic  r e c r y s t a l l i z a t i o n  t o o k  
p l a c e  u n d e r  w a t e r - d e f i c i e n t  c o n d i t i o n s .  No e v i d e n c e  f o r  
d e s e r p e n t i n i z a t i o n ,  such as r e l i c t  d u s ty  m a g n e t i t e  d e s c r ib e d  by 
D e s m a r a is  ( 1 9 7 8 )  i n  Ruby M o u n ta in  u l t r a m a f i c  ro c k s ,  was observed  
i n  th e  two t h i n  s e c t io n s  exam ined.
H o r n b l e n d i t e ,  com posed o f  90% h o rn b le n d e ,  accompanied by a 
fe w  p e r c e n t  d io p s id e ,  h y p e rs th e n e  and p l a g i o c l a s e ,  h a s  a p l a t y ,  
l i n e a r  f a b r i c  s i m i l a r  t o  t h a t  o f  t h e  p y r o x e n i t e .  S l e n d e r ,  
p r i s m a t i c  p y r o x e n e ,  w i t h i n  a n  a l m o s t  h o m o g e n o u s  w e a v e  o f  
p a r a l l e l ,  e l o n g a t e  h o r n b le n d e  c r y s t a l s ,  i s  p a r t l y  r e p la c e d  by .
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b u t  m o s t l y  I n  a p p a r e n t  e q u i l i b r i u m  w i t h  t h e  a m p h i b o l e .  
P l a g i o c l a s e  fo rm s  t h i n ,  l e n t i c u l a r  s t r i n g e r s  which suggest shear  
a t t e n u a t i o n .
H o r n b l e n d i t e  o c c u rs  as t h i n ,  f o l i a t e d ,  c o n c o r d a n t  la y e r s  
l e s s  t h a n  a m e t e r  t h i c k  i n t e r l e a v e d  w i t h  p e l i t i c  a n d  
q u a r t z o f  e l d s p a t h i c  g n e i s s .  T h is  u l t r a m a f i c  ro c k *s  p é t r o g r a p h ie  
f e a t u r e s  and f i e l d  r e l a t i o n s  i n d i c a t e  t h a t  i t  and t h e  e n c l o s i n g  
g n e i s s e s  u n d e r w e n t  m u t u a l  h y d ro u s  p r o g r a d e  m e ta m o rp h is m  and  
d e fo r m a t io n .
A t h i r d  u l t r a m a f i c  v a r i e t y  fonris pods and t i n y  s l i v e r s  o f  an 
i n v a r i a b l y  p a l e  g r a y - c o l o r e d ,  f i n e - g r a i n e d ,  e n s t a t i t e - b e a r i n g  
r o c k .  D a r k  s a l m o n - p i n k  p y r o p e - r i c h  ( M g - r i c h )  g a r n e t  and  
a s s o c ia te d  sphene a r e  l o c a l l y  c o n c e n tra te d  and d e m a rc a te  b r o k e n ,  
b u t fo ld e d  l a y e r s .
E n s t a t i t e  m akes up t o  85% o f  t h e  c lo u d y ,  p o ly g o n a l m a t r ix  
w hich c o n ta in s  v a r i a b l e  p e r c e n t a g e s  o f  i n t e r s t i t i a l  p y r o p e  and  
s u b h e d r a l  s p h e n e  w i t h  t r a c e s  o f  a p a t i t e ,  p e r o v s k i t e ,  p h lo g o p i te  
and s p i n e l .  R ep lacem ent o f  e n s t a t i t e  by c l i n o z o i s i t e  ranges  f ro m  
f a i n t  t o  n e a r l y  c o m p le t e  among s e p a r a t e  occu rrences  and acro ss  
s e v e r a l  c e n t im e te r s  w i t h i n  a s in g le  ro c k .  C o r d i e r i t e  and q u a r t z  
may a c c o m p a n y  c l i n o z o i s i t e  i n  a g i v e n  b o d y .  M o s t m i n e r a l s  
d is p la y  complex t e x t u r e s .  N arrow  zones o f  a p p a r e n t l y  u n r e l a t e d ,  
l o w e r  g r a d e  s e r p e n t i n i z a t i o n  a r e  s u p e rim p o s e d  i n d i s c r i m in a n t l y  
u p o n  t h e  p y r o p e - e n s t a t i t e  l i t h o l o g y  a n d  i t s  r e p l a c e m e n t  
a sse m b lag e s .
T h e s e  d i s t i n c t i v e l y  m a g n e s iu m -r ic h , anhydrous u l t r a m a f i c  to
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h y d r o u s  c a l c - s i l i c a t e - r i c h  r o c k s  r e s e m b l e  t h e  m e t a - r o d i n g i t e  
w h i c h  a c c o m p a n ie s  h i g h - g r a d e  d e s e r p e n t i n i z e d  u l t r a m a f i c  b o d ie s  o f  
t h e  Ruby Range ( D e s m a r a i s ,  198I ) .  S in c e  r o d i n g i t e  fo r m s  a d j a c e n t  
t o  o r  w i t h i n  a n  u l t r a m a f i c  b o d y  u n d e r g o i n g  s e r p e n t i n i z a t i o n  
( F r o s t ,  1 9 7 5 ;  R i c e  e t  a l . ,  I 98O ) ,  t h e  r n e t a - r o d i n g i t e s  o f  t h e  
A r m s t e a d  a r e a  m u s t  r e p r e s e n t  p a r t s  o f  m e t a - s e r p e n t l n i t e  p o d s  
t e c t o n i c a l l y  d i s m e m b e r e d  b y  p l a s t i c  f l o w  o f  t h e  s u r r o u n d i n g  
g n e i s s e s .
PEGMATITE
P o s t - t e c t o n i c  p e g m a t i t e s  a b o u t  8 t o  25 c e n t i m e t e r s  t h i c k  
w i t h  a p p ro x im a te ly  n o r t h -s o u t h  and e a s t -w e s t  t re n d s  a re  o f  common 
o c c u r r e n c e  t h r o u g h o u t  t h e  map a r e a .  Zoning i s  d i s t i n c t i v e  w i t h  
t h i n ,  r e l a t i v e l y  f i n e - g r a i n e d  f e l d s p a t h i c  s e lv a g e s  b o r d e r e d  by  
e x t r e m e l y  c o a r s e  f e l d s p a r  c r y s t a l s  and c e n t e r e d  by c o a r s e l y  
c r y s t a l l i n e  t o  g l a s s y  m i c r o c r y s t a l l i n e  q u a r t z .  A c c e s s o r y  
m i n e r a l s  l o c a l l y  i n c l u d e  m u s c o v i t e ,  b i o t i t e ,  t o u r m a l i n e  and  
s i l l i m a n i t e .  T h e  a p p a r e n t  l a c k  o f  d e f o r m a t i o n  a n d  t h e  
s i l  l i m a n i t  e -m u  sc o Vi t e - b  e a r i n g  m i n e r a l  a s s e m b la g e  s i g n i f y  a  
p o s t - t e c t o n i c  e m p la c e m e n t  w h i l e  u p p e r  a m p h i b o l i t e  f a c i e s  
c o n d i t io n s  p r e v a i l e d .
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Tab le  7 . Modal estim ates f o r  (1 -2 )  p y ro x e n ite , ( 3 )  s e r p e  n t  i n i z  ed  
p y ro x e n ite ,  (4 )  h o rn b le n d ite , (5 -6 )  p y r o p e - e n s t a t i t e  g n e is s ,  
(7 -9 )  me t a - r  od ing i t e ,  T = t ra c e  amounts.
_________________________ 1 2 3 4 3 6 7 8 9
Hornblende — — — — — — — —
P lag io c lase  — — — 3 — — — — —
E n s ta t i te  -  -  -  -  83 25 13 30 4
Hypersthene 40 30 -  3 -  - -  - -
C lin o -p y  roxene 32 70 -  2 -  -  -  -  -
Pyrope - - - -  7 30 - - -
S p in e l 3 T  — — — — — — T
Phlogopite T — -  - -  - -  -  -
P erovsk ite  — — — — — -  - T  —
A p a tite  — — — — 1 — T T  —
Sphene -  — - -  3 4 1 3 2
C o rd ie r i te  - - - - -  T 3 T  13
Quartz — - 4 0
C l in o z o is i t e -  -  -  — — T 3 80 44 38
Epidote
T a lc  — - T - - 3 0 -  — -
A n t ig o r ite  — — 73 - 3  3 -  - T
I r o n  Oxides - - 2 3 - - T - T -
CHAPTER I I I  
METAMORPHISM
HIGH-GRADE METAMORPHISM 
M etam orph ic  Grade
T h e  A r c h e a n  r o c k s  o f  S o u t h w e s t e r n  M o n ta n a  u n d e rw e n t  a  
h i g h - g r a d e  m e ta m o rp h ic  e v e n t  w h ic h  ended a b o u t  2 , 7 5 0  m i l l i o n  
y e a r s  a g o  (J a m e s  and H e d g e , 1 9 SO) .  T h ro u g h o u t  th e  t e r r a n e ,  
m i n e r a l  a s s e m b l a g e s  a r e  p r e d o m i n a n t l y  t h o s e  o f  t h e  
s i l l l m a n l t e - o r t h o c l a s e  zone o f  th e  a m p h ib o li  t e  f a c ie s  and l o c a l l y  
t h o s e  o f  t h e  h o r n b l e n d e —h y p e r s t h e n e  zone o f  g r a n u l l t e  f a c i e s  
( e . g .  G o r d o n ,  1 9 7 9 - H l g h l a n d  M o u n t a in s ;  B a k k e n , 1 9 S O -M a d ls o n  
Range; K a ra s e v lc h  e t  a l . ,  1981-R uby R a n g e ; W i ls o n ,  1 9 8 1 -T o b a c c o  
Root M o u n ta in s ) .
A rm s te a d  a r e a  m in e r a l  assem blages, l i s t e d  b e lo w , a r e  s ta b le  
w i t h i n  o r  a b o v e  t h e  s i l l l m a n l t e - o r t h o c l a s e  z o n e .  T h o s e  
d i a g n o s t i c  o f  t h a t  zone a re  marked by a * ,  w h i le  th o se  I n d i c a t i v e  
o f  g r a n u l i t l c  c o n d i t io n s  a r e  marked by # .  M in e r a ls  a re  l i s t e d  I n  
a p p ro x im a te  In c r e a s in g  o r d e r  o f  abundance.
q u a r t z o f e ld s p a t h ic  g n e is s
m a g n e t i t e  ^  b i o t i t e  g a r n e t  + p l a g i o c l a s e  + q u a r t z  + 
K - f e l d s p a r
o r t h o p y r o x e n e  + b i o t i t e  + m a g n e t i t e  + g a r n e t  + p l a g i o c l a s e  + 
K - f e l d s p a r  + q u a r t z
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4u
m a g n e t i te  + b i o t i t e  + g a r n e t  + q u a r t z  + p la g io c la s e
o r t h o p y r o x e n e  4̂  g a r n e t  + b i o t i t e  + p la g io c la s e  + h o rn b len d e  + 
q u a r t z  + K - f e l d s p a r
p e l i t i c  g n e is s
*  m a g n e t i t e  + s i l l i m a n i t e  + b i o t i t e  + g a r n e t  + p l a g i o c l a s e  + 
q u a r t z  +. o r t h o c la s e
*  p l a g i o c l a s e  + o r t h o c l a s e  + s i l l i m a n i t e  + b i o t i t e  + g a rn e t  + 
q u a r t z
m a g n e t i te  + s i l l i m a n i t e  + b i o t i t e  + p la g io c la s e
K - f e ld s p a r  + g a r n e t  + m a g n e t i te  + q u a r tz  + b i o t i t e  + s i l l i m a n i t e  
m a f ic  g n e is s
*  +_ b i o t i t e  + g a r n e t  + q u a r t z  + m a g n e t i t e  ^  d i o p s i d e  
h y p e rs th e n e  + h o rn b le n d e  + p la g io c la s e
if- d io p s id e  + h y p e rs th e n e  + p la g io c la s e
mar b le
o l i v i n e  + g r a p h i t e  + p h lo g o p i te  + z o i s i t e  + c a l c i t e  + d o lo m ite
g r a p h i t e  p l a g i o c l a s e  + o l i v i n e  +. c a l c i t e  + d io p s id e  + q u a r tz  ^  
z o i s i t e  + d o lo m ite
q u a r t z i t e
*  ±_ g a r n e t  ^  m a g n e t i t e  g r a p h i t e  + b i o t i t e  K - f e l d s p a r  + 
p l a g io c la s e  + q u a r t z
fe r r u g in o u s  g n e is s
m a g n e t i te  + g a r n e t  + p la g io c la s e  + h y p e rs th e n e  + q u a r tz
m a g n e t i te  + c l in o h y p e r s  th e n e  + p la g io c la s e  + g a r n e t  + h o r n b le n d e  
+ q u a r t z
m e t a - p y r o x e n i t e
s p in e l  + h y p e rs th e n e  + a u g i t e
p y ro p e  g a r n e t  + e n s t a t i t e
p la g io c la s e  + d io p s id e  + h y p e rs th e n e  + h o rn b le n d e
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m e t a - r o d i n g l t e
8phene + c o r d i e r i t e  + c l i n o z o l s i t e  + q u a r tz  
8phene + c l i n o z o l s i t e  + e n s t a t i t e
A r m s t e a d  m e t a m o r p h  i  c p a r a m e t e r s  m ay b e  e s t i m a t e d  
p é t r o g r a p h ie a l l y  b o t h  by u s in g  e x p e r i m e n t a l  m in e r a l  s t a b i l i t y  
f i e l d s  (s e e  F i g u r e  1 2 )  and by c o m p a r is o n  t o  C a r t e r  C re e k  and  
K e l l y  a r e a  a s s e m b l a g e s  o f  t h e  R u b y  M o u n t a i n s  f o r  w h i c h  
c o r r o b o r a t i n g  geo t h e r m o m e t r ic  and geobarom e t r i e  d a t a  e x i s t .  
M in e r a l  p a i r  geotherm om etry  a n a ly s is  y ie ld e d  peak te m p e ra tu re s  o f  
72 5 +. !50 and 7 45  +.50 C f o r  th e  two a re a s  r e s p e c t iv e ly  (Immega 
and K l e i n ,  1976; D a h l ,  1 9 7 7 )*  The h ig h e r  te m p e ra tu re s  d e te rm in e d  
f o r  t h e  K e l l y  a r e a  a r e  r e f l e c t e d  i n  i t s  o r t h o p y r o x e n e - z o n e  
m i n e r a l  a s s e m b la g e s  ( K a r a s e v i c h  e t  a l . ,  1 9 8 1 ;  W i ls o n ,  1 9 8 1 ) ,  
w hich  c lo s e ly  resem ble  th o s e  o f  th e  Arm stead l i t h o l o g i e s .  M a f i c  
g n e i s s e s  c o n t a i n  t h e  g r a n u l i t i c  s u b - a s s e m b l a g e ,  g a r n e t  + 
c l i n o p y r o x e n e  + o r th o p y ro x e n e  + h o rn b le n d e , w h i le  th e  assemblage  
q u a r t z  + m a g n e t i t e  + g a r n e t  + c l i n o p y r o x e n e  + o r t h o p y r o x e n e  
composes fe r r u g in o u s  g n e i s s .  A m p h ib o le s  o c c u r  i n  p l a c e  o f  t h e  
p y r o x e n e s  a n d  g a r n e t  i n  t h e  compos i t  i o n a l l y  e q u i v a l e n t ,  b u t  




5 0 0 6 0 0  7 0 0
T E M P E R A T U R E  C C )
8 0 0
F ig u r e  1 2 .  P r  e s s u r  e -  t  em p e  r a  t u r  e d i a g r a m  s h o w i n g  p e a k  
met am orphic c o n d i t io n s  i n f e r r e d  f o r  t h e  A rm s te a d  g n e is s e s  ( a r e a  
Ca s h a d e d )  and t h e  K e l l y  (B )  and C a r t e r  C reek (A) a re a s  o f  th e  
Ruby M o u n ta in s ,  p lu s  a p ro p o s e d  P -T  p a t h  ( a - b - c _  f o r  p r o g r a d e  
m e ta m o rp h is m  ( K a r a s e v i c h  e t  a l . ,  1 9 W1) .  R e a c t io n  b o u n d a r ie s  
shown a r e  co m p iled  by Hyndman ( m a n u s c r ip t ) .
1 )  K y a n i te  —  A n d a lu s i te  —  S i l l i m a n i t e  
2 , 3 )  M u s c o v ite  + Q u a r tz  —  S i l l i m a n i t e  + O r th o c la s e  + H2O 
(PRoO " *53! )
4 )  F o rm a t io n  o f  H y p ers th en e
5 ) A l k a l i  f e ld s p a r  —  P e r t h i t e  o r  A n t i p e r t h i t e
6 )  A n t h o p h y l l i t e  —  E n s t a t i t e  + Q u a r tz  +
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K a r a s e v i c h  a n d  o t h e r s  ( 1 9 8 1 )  t h i n k  t h e  m e t a s t a b l e  
p e r s i s t e n c e  o f  k y a n i t e  i n  p o l i t i c  g n e is s e s  o f  t h e  Ruby Range  
s i g n i f i e s  t h a t  minimum peak lo a d  p re s s u re s  hovered  s l i g h t l y  b e lo w  
t h e  s i l l i m a n i t e - k y a n i t e  u n i v a r i a n t ,  a t  a p p ro x im a te ly  7 .2  + . 1 - 2  
k b a r s  f o r  t h e  K e l l y  a r e a .  T h e y  r e p o r t  t h a t  g e o b a ro n e try  (R .C .  
Newton, p e r s o n a l  c o m m u n ic a t io n  t o  D a h l ,  1981 i n  K a r a s e v ic h  e t  
a l . ,  1 9 8 1 ) p l a c e s  t h a t  f i g u r e  a t  7 - 9  0 . 3  k b a r s .  S in c e  I
o b s e r v e d  no k y a n i t e  i n  A rm s te a d  m e t a - p e l i t e s ,  I  do no t assume a 
s i m i l a r  lo a d  p re s s u re  v a lu e  f o r  met amorphic c o n d i t i o n s  i n  F i g u r e  
1 2 .  P re s  s u r  e - t  empe r a t u r e  c o n d i t i o n s  d e te rm in e d  f o r  th e  C a r te r  
G reek and K e l l y  a r e a s ,  a lo n g  w i t h  th e  proposed p r o g r a d e  P -T  p a th  
f o r  t h e  K e l l y  a r e a ,  a r e  re p re s e n te d  f o r  com parison (K a ra s e v ic h  e t
a l . ,  1981) .
T e x tu r e s  o f  M etam orphism  and D e fo rm a t io n
A rm s te a d  l i t h o l o g i e s  t e x t u r a l l y  re c o rd  f l u c t u a t i o n s  i n  th e  
d e fo r m a t io n a l  e n v iro n m e n t d u r in g  h ig h -g r a d e  metamorphism. W i t h i n  
q u a r t z  o f  e l d s  p a t h i c  g n e i s s e s ,  c r y s t a l l i z a t i o n  o f  b i o t i t e  and  
g a r n e t  produced a v a r i e t y  o f  t e x t u r e s  which suggest m u l t i p l e  t im e  
r e l a t i o n s  w i t h  r e s p e c t  to  a p e r io d  o f d e fo rm a t io n .  F o r  exam ple, 
g a r n e t  form s g r a n u la r  a g g re g a te s  drawn out p a r a l l e l  t o  f o l i a t i o n ,  
m o d e r a t e l y  t o  h i g h l y  f l a t t e n e d  le n s e s  and i d i o b l a s t i c  c r y s t a l s ,  
p e r h a p s  r e p r e s e n t i n g  p r e - , s y n -  a n d  p o s t - t e c t o n i c  p h a s e s .  
B i o t i t e  s i m i l a r l y  o c c u rs  as n a r r o w ,  t w i s t e d  b la d e s  a t te n u a te d  
a lo n g  f o l i a t i o n ,  u n d e f o r m e d  s u b p a r a l l e l  f l a k e s  a n d  r a d i a l  
g ro w th s .
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M a f ic  g n e is s e s  c o n ta in  a m p h ib o le -p y ro x e n e  t e x t u r a l  r e l a t i o n s  
w h ic h  i n d i c a t e  a m p h ib o le  was t h e  p r i n c i p a l  c r y s t a l l i z i n g  phase  
d u r in g  d e fo r m a t io n .  H i g h l y  l i n e a t e d  and l e n t i c u l a r  h o r n b le n d e  
fo r m s  p a r t i a l  r e p la c e m e n t s  o f  h y p e r s t h e n e ,  which i s  g r a n u la te d  
and b r o k e n  a n d  f a i l s  t o  d i s p l a y  any  p r e f e r r e d  o r i e n t a t i o n  o r  
l a y e r i n g .  T h e s e  r e l a t i o n s  s u g g e s t  pe a k  m etam orphic c o n d it io n s  
p receed ed  th e  d e v e lo p m e n t o f  t h e  l i n e a r  f a b r i c  and p r e s u m a b ly ,  
p e a k  d e f o r m a t i o n .  S y n t e c t o n i c  assemblages o f  m a f ic  and p o l i t i c  
g n e is s e s  f u r t h e r  e s t a b l i s h  t h a t  metamorphism o f  t h i s  phase was a t  
l e a s t  t h a t  o f  t h e  s i l l i m a n i t e - o r t h o c l a s e  zone of th e  a m p h ib o l i te  
f a c i e s .
H ig h - g r a d e  a s s e m b la g e s  tend  to  be p re s e rv e d  s in c e  th e  w a te r  
n e c e s s a ry  f o r  th e  r e v e r s a l  o f  th e  p rograde  d e h y d r a t io n  r e a c t i o n  
h a s  b e e n  l a r g e l y  d r iv e n  o f f  d u r in g  h ig h -g r a d e  metamorphism ( e . g . ,  
W in k le r ,  1 9 7 9 ) •  The a p p a re n t  r e v e r s a l  e x h ib i t e d  by t h e  A rm s te a d  
m a f ic  g n e is s e s  may have been induced by d e fo n n a t io n .  I f ,  d u r in g  
h i g h - g r a d e  m e ta m o r p h is m ,  i n d i v i d u a l  l a y e r s  o f  c o n t r a s t i n g  
m i n e r a l o g i e s  m a in t a in e d  d i f f e r i n g  p a r t i a l  p re s s u re s  o f  w a te r  and 
carb on  d io x id e  due to  a l a c k  o f  c o n c u rre n t  d e f o r m a t io n  (H yndm an, 
i n  p r e s s ) ,  w a t e r  d e f i c i e n t  m a f ic  la y e r s  cou ld  deve lop  g r a n u l i t i c  
assem blages w h i l e  w a t e r  s a t u r a t e d  p e l i t i c  l a y e r s  c r y s t a l l i z e d  
a m p h i b o l i t i c  m i n e r a l o g i e s .  Commencement of d e f o m a t io n  w o u ld ,  
w i t h o u t  a n y  n e c e s s a r y  d r o p  i n  t e m p e r a t u r e ,  i n c r e a s e  t h e  
a v a i l a b i l i t y  o f  w a t e r  and t h e  d r y  g r a n u l i t e s  w o u ld  i n i t i a t e  
r e - e q u i l i b r a t i o n  t o  h y d ro u s  a m p h i b o l i t e s . H o w e v e r ,  i t  seems  
l i k e l y  a d r o p  i n  m e t a m o r p h i c  g r a d e  d i d  o c c u r  s i n c e  p e a k
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metamorphism commonly f a i l s  to  c o i n c i d e  w i t h  maximum t e c t o n i s m  
(S p r y ,  1969) .
T h e  m o d e r a t e l y  c o a r s e ,  g r a n u la r  appearance o f  most Armstead  
g n e is s e s  and t h e  t e x t u r a l  v a r i a t i o n s  p r o m l n a n t  w i t h i n  t h e  
m i c a - p o o r  q u a r t z o f e l d s p a t h i c  g n e is s e s  a r e  c h a r a c t e r i s t i c  o f  
g r a n u l i t e s  ( e . g . .  S p r y ,  1 9 6 9 ) .  S p r y  c l a s s i f i e s  tw o  b a s i c  
f a b r i c s — g r a n o b l a s t i c  and f o l i a t e d  g r a n u l i t e s .  The f o l i a t e d  
g n e is s e s  a r e  d i s t i n g u i s h e d  f r o m  t h e  g r a n o b l a s t i c  g n e is s e s  by  
t h e i r  p a r a l l e l ,  l e n t i c u l a r  a g g r e g a t e s  o f  c o a rs e -g ra in e d  q u a r tz  
d e f i n i n g  a f o l i a t i o n  and conspicuous l i n e a t i o n .  Where e x p o s u re  
p e r m i t t e d ,  I  o b s e r v e d  t h a t  th e  two f a b r ic s  l o c a l l y  a l t e r n a t e  i n  
t h i n  bands on a s c a le  o f  m eters  t o  te n s  o f  m ete rs  a c r o s s  s t r i k e .  
E sko  l a  ( 1952 ) observed  th e  same r e l a t i o n  w i t h i n  th e  g r a n u l i t e s  o f  
L a p la n d .
RETROGRESSIVE METAMORPHISM
R e t r o g r e s s iv e  m in e r a ls  and t e x t u r e s  a r e  noted w i t h i n  much o f  
t h e  A rc h e a n  b a s e m e n t o f  s o u t h w e s t e r n  M o n t a n a .  A p e r v a s i v e  
t h e r m a l  e v e n t  has  b e e n  c a l l e d  upon to  e x p la in  g re e n s c h is t  g rade  
r e t r o g r e s s i o n  a n d  t h e  e m p la c e m e n t  o f  t o u r m a l i n e - b e a r i n g  
p e g m a t i t e s  ( K a r a s e v ic h  e t  a l ,  I 98I  ) which have y ie ld e d  a d a te  o f  
1660 m .y .  ( G i l l e t t i ,  I 966 ) .  R e tro g ra d e  iT i in e ra lo g ie s  and s i m i l a r  
p e g m a t i t e s  i n  t h e  A rm s te a d  a r e a  p o s s i b l y  i n d i c a t e  a s i m i l a r  
h i s t o r y .  However, I  t h i n k  re p la c e m e n t  m in e r a l s  i n  t h e  A rm s te a d  
g n e i s s e s ,  w h ic h  a r e  m o s t ly  o f  a m p h i b o l i t e  g r a d e ,  m ost l i k e l y  
d e v e lo p e d  d u r in g  th e  waning s ta g e s  o f  h ig h -g r a d e  metamorphism and
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subsequent decom press ion  due to  u p l i f t ,  r a t h e r  t h a n  I n  re s p o n s e  
t o  a  s e p a r a te  e v e n t .
R e a c t io n s  and M in e r a l  R ep lacem ent T e x tu re s
A v a r i e t y  o f  r e a c t i o n  t e x t u r e s  w i t h i n  p e l l t i c  and  
q u a r t z o f e l d s p a t h i c  g n e is s e s  i n d i c a t e  t h e  I n i t i a l  s t a g e s  o f  
r e t r o g r e s s i o n  p ro d u c e d  s l l l l m a n l t e - m u s c o v l t e  zone assem blages. 
T h e  t e m p e r a t u r e s  i n v o l v e d  I n  t h e  r e t r o g r e s s i v e  r e a c t i o n s ,  
h o w e v e r ,  m u st h a v e  b e e n  som ew hat lo w e r  th a n  those  r e q u ir e d  f o r  
t h e  p r o g r a d e  r e a c t i o n s  t o  t a k e  p l a c e  (H y n d m a n ,  I n  p r e s s ) .  
T e x t u r a l  e v id e n c e  i s  I n d i c a t i v e  o f  a r e v e r s a l  I n  th e  f o l lo w in g  
p r o g r a d e  r e a c t i o n s ,  t r a n s i t i o n a l  b e t w e e n  t h e  
s i l l i m a n i t e - o r t h o c l a s e  and s l l l lm a n l t e - m u s c o v l t e  zones:
1) m u s c o v ite  + b i o t i t e  + q u a r tz  = K - f  e ld s  p a r  + a lm a n d ln e  + 
s i l l i m a n i t e  + HgO;
2 )  m u s c o v i t e  + q u a r t z  + N a - r l c h  p l a g l o c l a s e  = N a -b e a r ln g  
a l k a l i  f e ld s p a r  + N a -p o o re r  p la g lo c la s e  + s i l l i m a n i t e  + HgO;
3 ) m u s c o v ite  + q u a r t z  = K - f  e ld s  p a r  + s i l l i m a n i t e  + H2O. 
T e x tu re s  a r e  v e ry  s u b t le  even where b e s t  deve loped  and c o u ld
b e  e a s i l y  o v e r l o o k e d .  C e r t a i n  s e l e c t e d  t e x t u r e s  ( w i t h i n  
q u a r t z o f e l d s p a t h i c  a n d  p e l i t i c  l i t h o l o g i e s )  w h ic h  s u g g e s t  th e  
b re a k d o w n  o f  some g a r n e t ,  m a g n e t i t e ,  s i l l i m a n i t e  and o r th o c la s e  
r e s u l t e d  i n  c r y s t a l l i z a t i o n  o f  b i o t i t e ,  a l b l t e  and m u s c o v i t e  
I n c l u d e :  r a d i a l  g r o w th s  o f  b i o t i t e  p a r t i a l l y  re p la c e d  g a r n e t ,
m a g n e t i te  and o r t h o c la s e ;  o c c a s io n a l  m u s c o v i t e  r e p l a c e d  f i b r o u s  
s i l l i m a n i t e ,  b i o t i t e  and K - f e l d s p a r ;  and t h e  breakdow n o f  the  
h ig h - g r a d e ,  N a - r lc h  o r t h o c l a s e  s t r u c t u r e  l e d  t o  t h e  r e l e a s e  o f
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a l b i t i c  component w hich form s rim s on p la g io c la s e  and K - f e l d s p a r  
g r a in s  and v e i n - l i k e  s t r u c t u r e s  w i t h i n  K - f e ld s p a r .
O th e r  re p la c e m e n t t e x t u r e s  w i t h i n  v a r i o u s  g n e is s  ty p e s  may 
r e f l e c t  a  ra n g e  o f  w a n in g  t e m p e r a t u r e s  and p r e s s u r e s .  T h e s e  
i n c l u d e  r e p la c e m e n t  o f  h i g h - t e m p e r a t u r e  o l i v e  h o r n b l e n d e  by  
1 owe r - t  empe r a t u r e  g r e e n  h o rn b le n d e  and t r e m o l i t e  or a c t i n o l i t e ,  
m i l d  t o  e x t e n s i v e  s e r i c i t i z a t i o n ,  s a u s s  e r  i  t  i  z a t  i o n  a n d  
c a r b o n a t i z a t i o n  o f  p l a g l o c l a s e  and rep la c e m e n t o f  brown b i o t i t e  
and g a r n e t  by g re e n  b i o t i t e  and c h l o r i t e .
D i s t r i b u t i o n  and Cause o f  R e t ro g r e s s io n
E v id e n c e  o f  r e t r o g r e s s i o n  i s  n o t  e q u a l l y  deve loped  i n  a l l  
g n e i s s e s ,  b u t  i s  m o s t i n t e n s e  w i t h i n  l o c a l i z e d  z o n e s .  I t  
c o m m o n ly  c o e x i s t s  w i t h  d e f o r m a t i o n  t e x t u r e s  such as b e n t  o r  
c ra c k e d  g r a in s  and undu lose  q u a r t z  i n  q u a r t z o f e ld s p a t h ic  g n e is s e s  
and  w i t h  p l a n a r ,  b r i t t l e  s h e a r  s u r fa c e s  i n  a l l  g n e is s e s .  These  
may m ark  s h e a r  zo n e s  o r  s u r f a c e s  a lo n g  w h ic h  some d e g r e e  o f  
y i e l d i n g  to o k  p la c e  d u r in g  f o l d i n g .  K a ra s e v ic h  and o th e rs  (1 9 8 1 )  
h a v e  h y p o t h e s i z e d  t h e  e m p l a c e m e n t  o f  n a p p e  s t r u c t u r e s  
c o n te m p o ra n e o u s  w i t h  r e t r o g r e s s i o n  i n  th e  Ruby M ountains which  
w o u ld  r e q u i r e  d e ta c h m e n t  s u r f a c e s  and zon es  o f  i n t e r g r a n u l a r  
movement and c a t a c l a s i s  such as those  o f  th e  Armstead a r e a .
H y d ro th e rm a l A l t e r a t i o n
A l t e r a t i o n  a s s o c i a t e d  w i t h  L a r a m i d e  o r  p o s t - L a r a m i d e  
f a u l t i n g  im p o sed  t h e  s t r o n g e s t ,  y e t  m o s t  l o c a l i z e d  o f  t h e
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s e c o n d a r y  m i n e r a l o g i e s .  O r i g i n a l  t e x t u r e s  a r e  c o m m o n ly  
d i s c e r n a b l e .  P y r o x e n e s  a r e  s e r p e n t i n i z e d ,  b i o t i t e ,  h o rn b len d e  
and g a r n e t  r e p l a c e d  by c h l o r i t e  o r  e p i d o t e  a n d  f e l d s p a r s  
s e r i c i t i z e d  and s i l i c i f i e d .  S i l i c i f i c a t i o n  l o c a l l y  d e s t r o y s  
o r i g i n a l  m i n e r a l  t e x t u r e s .  M i c r o s c o p i c a l l y ,  b l e b b l y  q u a r t z  
i n d i s c r i m i n a n t l y  r e p la c e s  a l l  m in e r a ls .
CHAPTER IV  
STRUCTURE
PRECAMBRIAN STRUCTURES 
F o l i a t i o n  and T r a n s p o s i t io n
L i t h o l o g i e  b o u n d a r ie s  I n  th e  Armstead a re a  a re  c o n fo rm a b le ,  
as I s  c h a r a c t e r i s t i c  o f  h i g h - g r a d e  A r c h e a n  t e r r a n e s .  T h e  
u b i q u i t y  o f  t h i s  c o n f o r m i t y  on a l l  s c a le s  more l i k e l y  r e f l e c t s  
tra n s p o s e d  la y e r s  th a n  a p r im a ry  s t r a t i g r a p h i e  arrangem ent ( e . g . ,  
B r i d g e w a t e r  e t  a l . ,  1 9 7 3 ) .  T r a n s p o s i t i o n  r e s u l t s  when d u c t i l e  
d e fo rm a t io n  In d u c e s  movement p a r a l l e l  t o  s c h l s t o s l t y ,  r o t a t i n g  
l a y e r s  a n d  a n y  e a r l i e r  f o l d s  I n t o  p a r a l l e l i s m  w i t h  t h e  
c o n c u r r e n t l y  f o r m i n g  f o l d s  and a x i a l  p l a n e  f o l i a t i o n .  T h e  
t e x t u r e s  a n d  s t r u c t u r e s  o f  t h e  A r m s t e a d  g n e is s e s  i n d i c a t e  
e x te n s iv e  t r a n s p o s i t i o n  p ro b a b ly  to o k  p la c e .
An a x i a l  p l a n a r  m i n e r a l  f o l i a t i o n  p a r a l l e l s  c o m p o s it io n a l  
l a y e r i n g  e x c e p t where I t  p e n e t r a te s  th e  noses o f  f o l d s .  F o ld s ,  a  
f e w  c e n t i m e t e r s  a c r o s s ,  o c c u r  w i t h i n  a l l  ro c k  ty p e s  and a r e  
recum bent and s I m l l a r - s t y l e d  as I s  c h a r a c t e r i s t i c  o f  m e ta m o rp h ic  
f o l d s .  Some a r e  r o o t l e s s  and I n t r a f o l l a l ,  d i s p l a y i n g  n e a r l y  
c o m p le te ,  s m a l l - s c a l e  t r a n s p o s i t i o n  o f  l a y e r s  s i m i l a r  t o  t h a t  
w h ic h  l i k e l y  o c c u r s  on a l a r g e r  s c a le .  In c o m p le te ly  tra n sp o s e d  
l a m in a t io n s ,  r e s e m b l in g  c r o s s - b e d  s t r u c t u r e s ,  a l s o  o c c u r .  No 
d i s t i n g u i s h a b l e  s u p e r im p o s e d  f o l d s  w e re  o b s e rv e d  w i t h i n  an  
o u tc r o p .
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F o ld s
F o l d s  o f  v a r i o u s  s i z e s ,  u s u a l l y  p a r t i a l l y  e x p o s e d  o r  
I l l - d e f i n e d ,  deform  a l l  ro cks  on a map s c a l e .  The s m a l l e r  ones  
o c c u r  w i t h i n  I n d i v i d u a l  l i t h o l o g i e  u n i t s ,  w h i le  th e  l a r g e r  ones 
g e n t l y  f o l d  t h e  e n t i r e  g n e l s s l c  s e q u e n c e .  L a r g e - s c a l e  f o l d s  
I n c o m p l e t e l y  c ro p  o u t  w i t h i n  t h e  n a r r o w ,  e l o n g a t e  a n t i c l i n a l  
c o r e .  P o o r  e x p o s u r e  and l a t e  f a u l t i n g  f u r t h e r  o b s c u r e  a n d  
c o m p l i c a t e  s t r u c t u r a l  e x p r e s s i o n  a n d  t h u s  h i n d e r  I t s  
I n t e  r p r e t a t l o n .
A b o u t  165 p o le s  t o  f o l i a t i o n  w e re  p lo t t e d  and contoured  on 
th e  Schlm dt e q u a l—a re a  n e t  (s ee  F ig u r e  1 3 ) ,  w hich  f a i l e d  to  show 
an y  p r e c i s e  f o l d  g e o m e try . An a t te m p t  to  s u b d iv id e  th e  map a re a  
I n t o  s t r u c t u r a l  d o m a in s  ( s e e  F i g u r e  1 4 )  was o n l y  m a r g i n a l l y  
s u c c e s s f u l .  P o i n t  p a t t e r n s ,  h o w e v e r ,  do c o n s is t e n t ly  In d ic a t e  
t h a t  a x i a l  f o l d  p l a n e s  s t r i k e  g e n e r a l l y  n o r t h e r l y  t o  
n o r t h w e s t e r ly  and most d ip  s te e p ly  to  th e  e a s t  o r  n o r t h e a s t .
F a u l ts
A f a u l t  z o n e  o f  p o s s i b l e  P r e c a m b r la n  age I s  o b s e rv a b le  I n  
one s m a ll  a r e a  ( W l /2 ,  Sec. 2 5 )  w i t h i n  h i g h l y  m lg m a t lz e d  p e l i t i c  
g n e i s s  and m a rb le .  L i t h o l o g i e s  a re  o f f s e t  by e a s t - w e s t - t r e n d in g ,  
s t e e p ly  d ip p in g  s t r u c t u r e s  w h ic h  c o n t r o l l e d  th e  e m p la c e m e n t o f  
m l g m a t i t l e  m a t e r i a l ,  e ls e w h e re  g e n e r a l l y  c o n co rd an t to  l a y e r i n g .  
S u b s e q u e n t  m o v e m e n t  a l o n g  some o f  t h e  s t r u c t u r e s  c a u s e d  
g r a n u l a t i o n  o f  th e  m lg m a t l te s  and l o c a l i z e d  g e o th erm a l a l t e r a t i o n  
o f  th e  g n e is s e s .
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F ig u r e  13 . P l o t t e d  ( a )  and c o n to u r e d  ( b ) e q u a l  a r e a  n e t s  o f  
p o le s  to  f o l i a t i o n s  f o r  th e  e n t i r e  map a r e a .
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G
F ig u r s  1 4 .  S t p u c t u r a . 1  do m ain s  and t h e  1 r  e q u a l  a r e a  p l o t s  of* 
p o le s  to  f o l i a t i o n s .
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LARAIVIIÜE AND TERTIARY STRUCTURES
L a r a m i d e  t e c t o n i s m  i n  t h e  C l a r k  C a n y o n  a r e a  d e fo rm e d  
A rc h e a n , P a le o z o ic  and M esozoic  ro c k s  i n t o  t h e  e a s t w a r d - v e r g i n g  
A rm s te a d  a n t i c l i n e  and G r a y l i n g  s y n c l i n e  t o  i t s  e a s t  ( L o w e l l ,  
1965) -  E i t h e r  im b r ic a t e  t h r u s t - f a u l t i n g  o f  t h e  w e s te r n  l im b  o f  
t h e  a n t i c l i n e  o r ,  a l t e r n a t i v e l y ,  u p l i f t  o f  b as e m e n t g n e is s e s  
a l o n g  a r e v e r s e  f a u l t ,  h a s  p l a c e d  l o w e r  P a l e o z o i c  a n d  
M i s s i s s i p p i a n  s t r a t a  a g a in s t  P recam b rlan  c r y s t a l l i n e  rocks i n  th e  
c o r e .  M i d d l e  C a m b r ia n  F l a t h e a d  s a n d s t o n e  i s  m o s t l y  i n  
d e p o s i t i o n a l  c o n t a c t  w i t h  t h e  g n e is s e s  a lo n g  t h e  s u b v e r t i c a l  
e a s te r n  l i m b .
T h e  two f o l d s  a r e  p o s s i b l y  on  an u p p e r  t h r u s t  p l a t e  which  
moved e a s tw a rd  o v e r  t h e  C re taceo u s  Beaverhead f o r m a t i o n  ( L o w e l l ,  
1 9 6 5 ) .  S i n c e  t h e  c o n t i n u i t y  o f  t h i s  f a u l t  i s  un kno w n, t h e  
geom etry  o f  th e  b lo c k  c o n ta in in g  th e  Archean ro c k s  and o v e r l y i n g  
s t r a t a  i s  a ls o  n o t  Icnowri.
P e r v a s iv e  d e f o r m a t io n  w i t h i n  th e  c r y s t a l l i n e  gn e is s e s  ta k e s  
th e  fo rm  o f  b o th  w ide and more l o c a l l l z e d  a r e a s  o f  f r a c t u r i n g ,  
s h e a r i n g  and h y d r o t h e r m a l  a l t e r a t i o n .  M o s t g n e is s e s  i n  th ese  
zones c o n ta in  p a r a l l e l  o r  i r r e g u l a r  s h ear s u r fa c e s  w h ich , i n  t h i n  
s e c t i o n ,  c o n t a i n  b r o k e n ,  s t r a i n e d  a n g u la r  g r a in s  surrounded by 
e x tre m e ly  f i n e - g r a i n e d ,  p a r t i a l l y  p o ly g o n iz e d  c r y s t a l s .  Some 
c u r v in g  m y l o n i t i c  q u a r t z  r ib b o n s  a ls o  o c c u r .
Q u a r tz  v e in s  range from  c ra c k  f i l l i n g s  to  m u l t i m e t e r - t h i c k ,  
m a p p a b le  b o d i e s .  L o c a l l y ,  a n d  a lw a y s  i n  p r o x im ity  o f  m a rb le s ,  
q u a r t z  v e i n s  a r e  p y r i t e  and c h a l  c o p y r  i t  e - b e a r  i n g  . S p a r s e ,
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o l i v i n e  b a s a l t  and la m p ro p h yre  d ik e s  s u g g e s t  some f a u l t i n g  to o k  
p l a c e  d u r i n g  t h e  P a le o c e n e  t o  M io c e n e  v o lc a n is m  o f  th e  re g io n  
(C h a d w ic k , I 98I ) .
S e v e r a l  s t r u c t u r a l  s c e n a r i o s  have been proposed to  e x p la in  
th e  r o l e  ta k e n  by basement rocks  i n  f o l d i n g  and t h r u s t i n g  o f  t h e  
o v e r l y i n g  P h a n e r o z o ic  s t r a t a  o f th e  Rocky M ou nta in  F o re la n d .  I n  
Id a h o ,  R uppel (1 9 7 8 )  has d e s c r ib e d  th e  presence o f  e x o t i c  b lo c k s  
o f  P a l e o z o i c  ro c k s  and s l i v e r s  o f  Archean g n e is s  from  th e  lo w e r  
p l a t e  i n c o r p o r a t e d  i n  t h e  u p p e r  a l lo c h t h o n o u s  p l a t e  as t h r u s t  
s l i c e s .  Such an  o r i g i n  f o r  th e  Armstead b lo c k  would e x p la in  i t s  
s t r u c t u r a l l y  h i g h  l e v e l  r e l a t i v e  t o  t h e  s u r r o u n d in g  b a s e m e n t  
r o c k s  b e n e a th  v a l l e y  c o v e r  and i t s  p resence  w i t h i n  t h r u s t - f a u l t e d  
P h a n e ro zo ic  s t r a t a .
I n  Id a h o  and t h e  Ruby M o u n ta in s  o f  Montana (T y s d a l ,  198I ) ,  
s e d im e n ta ry  s t r a t a  a r e  i n t e r p r e t e d  to  be d r a p e - fo ld e d  i n  re s p o n s e  
t o  d i f f e r e n t i a l  u p l i f t ,  r o t a t i o n  and t i l t i n g  o f basement b lo c k s .  
B lo c k  c o rn e rs  o r  edges may a d ju s t  by f a u l t i n g  and r o t a t i o n  o f  a  
s l i v e r  a lo n g  w i t h  o v e r l y i n g  s e d im e n ta ry  rocks o r  more s im p ly ,  a 
s l i c e  may be  l e f t  b e h in d  d u r i n g  s h i f t i n g  o f  t h e  m a in  b l o c k  
( A c h u f f , 1981 ) .  I n  such  a w a y , t h e  Arm stead gn e isses  may have 
s e p a ra te d  f ro m  a l a r g e r  basement b lo c k .
A m o d e l w h ic h  e x p l a i n s  c e r t a i n  s t r u c t u r a l  f e a t u r e s  i n  th e  
A rm s te a d  a r e a  i s  p ro p o s e d  f o r  o t h e r  f o l d s  i n  t h e  f o r e l a n d  o f  
C o l o r a d o  a n d  W y o m in g  by  B e r g  ( 1 9 6 2 )  and LeM asur 1 e r  ( 1 9 7 0 ) .  
W it h in  th e s e  f o l d s ,  th e  b a s e m e n t a r c h e d  i n t o  t h e  f o l d  c o r e  and  
a c c o m o d a te d  i t s e l f  t o  t h e  g e o m e try  o f  th e  f o l d  by d i s t r i b u t i v e
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d is p la c e m e n t  a lo n g  p r e - e x i s t i n g  f r a c t u r e s .  I n  t h e  u p p e r  l e v e l s  
n u m ero u s  s m a l l  b lo c k s  u n d e rw e n t  p e rv a s iv e  m in o r  movement b u t a t  
d e e p e r  l e v e l s ,  th e  basement response was more r i g i d  and r e s u l t e d  
i n  down f a u l t i n g  o f  th e  s e d im e n ta ry  c o v e r  in t o  th e  A rchean ro c k s . 
T h is  model e x p la in s  th e  p e r v a s i v e  d e f o r m a t i o n ,  t h e  p re s e n c e  o f  
c o m p e ta r i t ,  q u a r t z o f  e l d s p a t h i c  b lo c k s  i n  w hich f o l d  p a t t e r n s  a re  
p re s e rv e d  and th e  o b s c u r i t y  o f  P re c a m b r ia n  s t r u c t u r e s  e ls e w h e r e  
i n  t h e  A rm s te a d  a r e a .  Remnants o f F la th e a d  sandstone w i t h i n  th e  
g n e is s e s  were p ro b a b ly  emplaced by down f a u l t i n g  as d e s c r ib e d  i n  
t h e  B ig  Thompson a n t i c l i n e  (L e M a s u r ie r ,  1 9 7 0 ) .
CHAPTER V 
ORIGIN OP THE ARMSTEAD GNEISSES
QUARTZOFELDSPATHIC GNEISSES
The m o s t common ty p e  o f  A rchean 11 th o lo g y  w o r ld -w id e  i s  th e  
q u a r t z o f  e l d s p a t h i c  g n e is s  w h ic h  may c o n s t i t u t e  up to  90% o f  a 
g i v e n  r e g i o n  ( e . g .  B r i d g e w a t e r  e t  a l . ,  1 9 7 3 ) .  A s i m i l a r  
l l t h o l o g y ,  m o s t ly  o f  g r a n i t i c  c o m p o s i t io n ,  c o m p r is e s  a l a r g e  
p o r t i o n  o f  s o u t h w e s t e r n  M o n ta n a  b a s e m e n t t e r r a n e  and a t  l e a s t  
h a l f  o f  th e  Armstead a r e a .  I t s  o r i g i n  i s  o b v i o u s l y  o f  c r u c i a l  
i m p o r t a n c e  t o  t h e  u n d e r s t a n d i n g  o f  A r c h e a n  h i s t o r y  b u t  i s  
g e n e r a l l y  e n ig m a t ic  due to  th e  n e a r  a b s e n c e  o f  d i a g n o s t i c  f i e l d  
r e l a t i o n s  (W in d le y ,  1 9 7 7 ) .  T h is  problem  was l ik e w is e  encountered  
i n  th e  Arm stead a r e a  w here  t h i c k ,  m onotonous s e q u e n c e s  c o n t a i n  
l a r g e - s c a l e  q u a r t z o f e l d s p a t h i c  a n d  m i n o r  a m p h i b o l i  t i c  
c o m p o s it io n a l  l a y e r i n g  w hich p a r a l l e l s  bo th  th e  f o l i a t i o n  and t h e  
u n i t s  * c o n t a c t s  w i t h  a d j a c e n t  g n e i s s e s .  T r a n s p o s i t io n a l  shear  
d e fo rm a t io n  and e x te n s iv e  r e c r y s t a l l i z a t i o n  have o b l i t e r a t e d  any  
o r i g i n a l  g e n e t i c a l l y  d ia g n o s t ic  t e x tu r e s  o r  s t r u c t u r e s .  C e r t a in  
c o n c lu s io n s  can  be d r a w n ,  h o w e v e r ,  b a s e d  upon p e r m i s s i v e ,  y e t  
c o n s is t e n t  c o m p o s it io n a l  and f i e l d  c h a r a c t e r i s t i c s .
The q u a r t z o f  e l d s p a t h i c  g n e is s e s  a r e  d i v i s i b l e  i n t o  tw o  
a s s o c i a t i o n s — hom ogen ou s , l e u c o c r a t i c  b o d ies  and i n t e r c a l a t i o n s  
o f  b o th  l e u c o c r a t i c  and g a r n e t i f e r o u s  l i t h o l o g i e s .  The f i r s t  i s  
h e r e  p r o p o s e d  t o  r e p r e s e n t  a p r e d o m in a n t ly  v o l c a n i c  and t h e  
second, l a r g e l y  s e d im e n ta ry  (jf v o lc a n ic )  s t r a t i g r a p h i e  package.
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L e u c o c r a t i c  g n e is s  has  a r e m a r k a b ly  u n i f o r m  g r a n i t i c  o r  
r h y o l i t i c  m oda l c o m p o s it io n  and com prises volum inous p o r t io n s  o f  
t h e  A rm s te a d  q u a r t z o f e l d s p a t h i c  g n e i s s .  The n e a r  a b s e n c e  o f  
a c c e s s o r y  m i n e r a l s  an d  c o m p o s i t i o n a l  l a y e r i n g  w i t h i n  i t s  
exposures s u p p o r t s  a n  ig n e o u s  r a t h e r  th a n  s e d im e n t a r y  o r i g i n .  
I t s  c h a r a c t e r i s t i c  i n t e r l a y e r i n g  w i t h  g a r n e t i f e r o u s  
q u a r t z o f e ld s p a t h ic  g n e is s e s  o f  p ro b a b le  s e d im e n ta ry  o r i g i n  p o i n t s  
t o  a v o l c a n i c  p r  o t o l i t h  as t h e  m ost l i k e l y .  A ccord ing  to  t h i s  
i n t e r p r e t a t i o n ,  t h e  u b i q u i t o u s  a m p h ib o 1 1 1 i c  l e n s e s  w o u ld  
l o g i c a l l y  r e p r e s e n t  m a f i c  f lo w s  and p e rh a p s  some p y r o c l a s t i c  
d e p o s its  ( e . g . ,  W ils o n ,  I 98I ) .
T h e  w e l l - l a y e r e d  q u a r t z o f e 1 d s p a t h i c  u n i t s  c o n t a i n  
g a r n e t i f e r o u s  a n d  l e u c o c r a t i c  l a y e r s  m o s t l y  o f  g r a n i t i c  
c o m p o s i t i o n .  The g a r n e t  c o n t e n t  i s  commonly 7 o r  8% w i t h i n  
g a r n e t i f e r o u s  g n e i s s ,  i n d i c a t i n g  a s u f f i c i e n t l y  h ig h  a lu m in u m  
c o n t e n t  t o  s t r o n g l y  i m p l y  a s e d i m e n t a r y  p a r e n t a g e  such as  
f e l d s p a t h i c  a r e n l t e .  L e u c o c r a t i c  g n e i s s  c o u l d  l o g i c a l l y  
r e p r e s e n t  e i t h e r  o r  b o t h  r h y o l i t i c  f l o w s  and f e l d p a t h i c  
s e d im e n t s .  L o c a l l y  s i g n i f i c a n t  q u a n t i t i e s  o f  g a r n e t i f e r o u s  
K - f  e l  d s p a r -p o o r  g n e is s  perhaps r e f l e c t  p l a g i o c l a s e - r i c h e r  o r  le s s  
i l l i t i c  bed s . H ie  r a r e  o c c u rre n c e  o f  m e t a - p e l i t i c , f e r r u g i n o u s  
a n d  q u a r t z i t i c  i n t e r c a l a t i o n s  i n  t h i s  u n i t  le n d s  a d d i t i o n a l  
s u p p o rt  f o r  th e  l a r g e l y  s e d im e n ta ry  i n t e r p r e t a t i o n .
T h e  t y p i c a l  m i l l i m e t e r  to  de c i m e t e r - s c a l e  c o m p o s i t io n a l  
l a y e r i n g  d is p la y e d  by th e  g a r n e t i f e r o u s  g n e is s e s  has b e e n  c i t e d  
as  e v id e n c e  f o r  l a r g e l y  s e d im e n ta ry  and v o lc a n o g e n ic  s ed im en ta ry
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o r i g i n s  f o r  s i m i l a r  g n e i s s e s  i n  t h e  R u b y  a n d  T o b a c c o  R o o t  
M o u n t a i n s .  G a r i h a n  a n d  W i l l i a im s  ( 1 9 7 6 )  p ro p o s e  t h a t  t h e s e  
g n e is s e s  a r e  l a r g e l y  r e p r e s e n t a t i v e  o f  f e l d s p a t h i c  s a n d s  o r  
i l l i t i c  s i l t s  o f  g r a n i t i c  d e r i v a t i o n ,  w h i l e  W i ls o n  ( 1 9 8 1 )  
m a i n t a i n s  a l a r g e  p o r t i o n  a r e  r h y o l i t i c  f l o w s .  B o th  a r e  
p l a u s i b l e  e x p l a n a t i o n s  f o r  t h e  A rm s te a d  q u a r t z o f  e l d s p a t h i c  
g n e is s e s •
META-SEDIMENTARY GNEISSES
A b o u t  h a l f  t h e  A r m s t e a d  a r e a  i s  u n d e r l a i n  by a  
l i t h o l o g i c a l l y  d iv e r s e ,  com plex ly  i n t e r l a y e r e d  u n i t .  A lu m in o u s , 
s i l i c e o u s ,  c a l c a r e o u s ,  c a rb o n a c e o u s  and fe r r u g in o u s  l i t h o l o g i e s  
r e p r e s e n t  a s p e c t ru m  o f  c o m p o s i t io n s  o f  u n d o u b te d  s e d im e n t a r y  
o r i g i n .  M i n e r a l o g i c a l l y  v a r i a b l e  p e l i t i c  l i t h o l o g i e s ,  t h e  
m etam orphic  e q u iv a le n ts  o f  s h a le  o r  g r a y w a c k e ,  fo rm  t h e  b u l k  o f  
t h e  s t r a t i g r a p h i e  p a c k a g e .  A b u n d a n t  g a r n e t ,  b i o t i t e ,  
s i l l i m a n t i t e  and q u a r t z  a t t e s t  to  t h e i r  a lu m in o u s  and s i l i c e o u s  
c o m p o s i t io n .  D is s e m in a te d  th ro u g h o u t th e  u n i t  a re  s m a l l ,  t a b u l a r  
q u a r t z - f e l d s p a r  and f e l d s p a t h i c  to  n e a r l y  p u re  q u a r t z i t e  b o d ie s  
r e p r e s e n t i n g  r e l a t i v e l y  l e s s  c l a y - r i c h  and more q u a r t z - r i c h  o r  
c h e r ty  le n s e s .
Q u a r t z o s e  l i t h o l o g i e s ,  p o s s i b l y  im p u re  m e t a - c h e r t s ,  a ls o  
fo r m  t h i n  l a y e r s  o r  p a r t i t i o n s  w i t h i n  c o m p o s i t i o n a l l y  b e d d e d  
m a r b le  le n s e s  o r  b o u d in s , r e g u l a r l y  d i s t r i b u t e d  a lo n g  one o r  more 
h o r iz o n s  o f  th e  map u n i t .  M a rb le s  c o n t a i n  d i f f e r i n g  a b u n d a n c e s  
o f  c a r b o n a t e  and s i l i c a t e  m in e r a l s ,  perhaps r e f l e c t i n g  o r i g i n a l
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c o m p o s i t i o n a l  l a y e r i n g .  W i t h i n  m a r b l e  a n d  t h e  a s s o c i a t e d  
m e t a - c h e r t  and p e l i t e ,  g r a p h i t e  fo rm s  a conspicuous a c c e s s o ry .  
I t  seems l i k e l y  t h a t  t h e s e  c a rb o n a c e o u s  ro c k s  o r i g i n a t e d  as  
b i o g e n i c a l l y  p r e c i p i t a t e d  c a l c a r e o u s  and c h e r t y  muds, w h ic h  
d e ve lo p ed  d u r in g  l u l l s  i n  d e t r i t a l  d e p o s i t io n .
I r o n - o x i d e  and s i l i c a t e —r i c h  g n e is s e s  a re  exposed as r a r e ,  
n a rro w  p o d s , l a y e r s  o r  seams w i t h i n  p e l i t i c  and g a r n e t i f e r o u s  
q u a r t z  o f  e l d s  p a t h i c  g n e i s s e s .  T h e s e  f e r r u g i n o u s  l i t h o l o g i e s  
resem ble  some o f  th e  more e x te n s iv e  i r o n  f o r m a t io n s  o f  t h e  Ruby 
and  Tobacco Root M o u n ta in s . W ils o n  (1 9 8 1 )  r e p o r ts  th a t  t h i s  rock  
t y p e  i n t i m a t e l y  i n t e r l a y e r s  w i t h  q u a r t z i t e  ( m e t a - c h e r t )  an d  
g r a d e s  i n t o  p e l i t i c  s c h i s t .  I r o n  f o r m a t i o n  i s  g e n e r a l l y  
c o n s id e re d  to  r e p re s e n t  b i o g e n i c a l l y  o r  c h e m ic a l ly  p r e c i p i t a t e d ,  
f e r r u g i n o u s  m ud, a n  i n t e r p r e t a t i o n  c o m p a t ib le  w i t h  i t s  f i e l d  
r e l a t i o n s  i n  th e  Armstead a r e a .
META-VOLCANIC AND VOLCANIC LA STIC HOCKS
P l a g i o c l a s e - r i c h  g n e is s e s  b e a r i n g  v a r i a b l e  q u a n t i t i e s  o f  
m a f ic  c o n s t i t u e n t s  a re  i n t i m a t e l y  a s s o c i a t e d  w i t h  i n t e r c a l a t e d  
me t a - s e d i m e n t a r y  l i t h o l o g i e s  w i t h  w h ic h  t h e y  r e p e a t e d l y  
i n t e r l a y e r  a t  a s i m i l a r  s c a l e .  S in c e  m etam orphosed  d o l o m i t i c  
s h a l e ,  m a f i c  ig n e o u s  rocks  and v o l c a n i c l a s t i c  sedim ents may have  
e s s e n t i a l l y  i d e n t i c a l  c h e m ic a l  c o m p o s i t io n s  ( E n g e l  and E n g e l ,  
1 9 6 2 ) and t h e r e f o r e ,  s i m i l a r  m oda l p l o t s  on t h e  ACP t r i a n g l e  
( e . g . ,  W in k le r ,  1979 ; Hyndman, i n  p r e s s ) ,  a l l  must be c o n s id e r e d  
p l a u s i b l e  p r o t o l i t h s .
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No c r o s s - c u t t i n g  r e l a t i o n s h i p s ,  ig n e o u s  o r  s e d i m e n t a r y  
t e x t u r e s  w e re  o b s e rv e d .  How ever, p e l i t i c  and q u a r t z o f  e ld s p a th ic  
pods and seams w i t h i n  some l a y e r s  may r e f l e c t  a m u tu a l  d e t r i t a l  
o r i g i n .  S in c e  no c a l c - s i l i c a t e  la y e r s  were ob served , a c a rb o n a te  
p a r e n t  l i t h o l o g y  seems u n l i k e l y .  V o l c a n i c s  and t h e i r  d e r i v e d  
s e d im e n ts  may be i n d i s t i n g u i s h a b l e  and b o th  may be re p re s e n te d  by 
th e s e  in te rb e d d e d  m a f ic  g n e is s e s .
The  m o d a l p e r c e n t a g e s  o f  t h e  A rm s te a d  m a f ic  g n e is s e s  a re  
s i m i l a r  to  tho se  r e p o r t e d  f o r  p l a g l o c l a s e - h o r n b l e n d e  g n e is s  o f  
t h e  H ig h l a n d  Range (G o rd o n ,  1979)»  The maj o r - o x id e  p e rc e n ta g e s  
c a l c u l a t e d  f ro m  m o d a l p o i n t  c o u n ts  p l a c e  th o s e  ro c k s  w i t h i n  a  
q u a r t z —d i o r i t i c  c o m p o s it io n a l  ra n g e . By c a n p a r is o n , some o f  th e  
Arm stead g n e is s e s  a r e  more f e l s i c  and may be t o n a l i t i c .
H o r n b l e n d i t e  o c c u r s  r a r e l y  as  t h i n  l a y e r s  w h ic h  may be  
r e p r e s e n t a t i v e  o f  u l t r a m a f i c  d ik e s  o r  f l o w s .  I t s  o c c u r r e n c e  
a lo n g  w i t h  p o s s i b l e  h o r n b le n d e  d i o r i t e  and t o n a l i t é ,  how ever,  
s u g g e s ts  a p a r t i a l  t o n a l i t e - b a s a l t  d i f f e r e n t i a t i o n  s u i t e  i s  
r e p r e s e n t e d .  I f  t h i s  w ere  t h e  c a s e ,  ho r n b le n d i  t e  co u ld  be th e  
res iduum  w h i le  t o n a l i t é  and d i o r i t e  r e p r e s e n t  t h e  p a r t i a l  m e l t s  
p r o d u c e d  by  f r a c t i o n a l  m e l t i n g  o f  a m p h i b o l i t e  o f  b a s a l t i c  
c o m p o s it io n  (B a rk e r  and A r t h ,  1 9 7 6 ) .
ULTRAMAFIC ROCKS
U l t r a m a f i c  b o d ie s  s p r i n k l e d  th r o u g h  t h e  Southwest M ontana  
g n e is s e s  a re  commonly i n t e r p r e t e d  to  be c r y s t a l l i n e  t e c t o n i t e s  
( F o u n t a i n  and  D e s m a r a i s ,  19 8 0 ;  W i l s o n ,  1 9 8 1 )  a l t h o u g h  no
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d e f i n i t i v e  e v id e n c e  e x i s t s  t o  s u p p o r t  o r  r e f u t e  such an o r i g i n .  
P é t r o g r a p h i e  e v id e n c e  (D e s m a ra is , 1978 , 1981) does in d ic a t e  they  
were s e r p e n t in iz e d  p r i o r  t o  h i g h - g r a d e  m e ta m o rp h is m , a f e a t u r e  
w hich  c o u ld  have a s s is te d  t h e i r  emplacement.
No o r i g i n a l  t e x t u r e s  w e re  o b s e r v e d  w i t h i n  t h e  t e c t o n i c  
f a b r i c s  o f  t h e  A rm stead p y r o x e n i te s .  T e x t u r a l  and mine r a l  o g ic a l  
f e a t u r e s  i n d i c a t e  some a r e  d e f i n i t e l y  m e ta -s e  r p e n t  i n i  t e s  o r  
m e t a - r o d i n g i t e s  b u t  t h a t  o t h e r s  may n e v e r  have been  a l t e r e d .  
T h e i r  d i s t r i b u t i o n  as s m a ll  pods and s l i v e r s  among a l l  rock  ty p e s  
c o u ld  be a c c o u n te d  f o r  l o g i c a l l y  and s im p ly  by a v o lc a n ic  m odel, 
s in c e  u l t r a m a f i c  f lo w s  a r e  w e l l  known i n  both  P a l e o z o i c  (W h e e le r  
and G a b r i e ls e ,  1972 i n  W in d le y ,  1977) and Archean te r r a n e s .  Such 
u n i t s  c o u ld  e a s i l y  be d is m e m b e re d  and d i s p e r s e d ,  s e r p e n t i n i z e d  
t h e n  d e - s  e r p e n t i n i z  ed  , a l l  w i t h i n  a s i n g l e  p r o g r a d a t i o n a l  
m e ta m o rp h ic - te c to n ic  e v e n t .
EWIRQNMENT OF DEPOSITION
M a t c h i n g  A r c h e a n  g n e i s s i c  t e r r a n e s  w i t h  p o s s i b l e  m odern  
t e c t o n i c - d e p o s i t i o n a l  a n a l o g u e s  i s  a l o g i c a l  a p p r o a c h  t o  
d e t e r m i n i n g  t h e  t e c t o n i c  m echanism s o p e r a t i o n a l  a t  t h a t  t im e .  
P r e s e n t l y ,  t h e  c o n t i n e n t a l  m a r g in  m agrnatic  o r o g e n i c  b e l t  i s  
c o n s i d e r e d  by many w o r k e r s  ( e . g . ,  A n h a e u s s e r ,  1 9 7 3 ;  W in d le y ,  
1 9 7 7 ) th e  c lo s e s t  modern e q u iv a le n t .  F o u n t a in  and Weeks ( 1 9 7 9 )  
c o m p a re d  S o u th w e s t  M o n ta n a  to  an Andean typ e  a c c r e t io n a r y  p l a t e  
m a rg in  based upon th e  c a l c - a l k a l i n e  a f f i n i t i e s  o f  t h e  a b u n d a n t  
g r a n i t i c  a n d  t o n a l i t i c  g n e i s s e s .  F u r t h e r  r e s e m b la n c e  t o
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a s u b -e n v iro n m e n t o f  t h e  magrnatic a r c  was n o ted  by W i ls o n  ( 1 9 8 1 ) ,  
who c o m p a re d  t h e  a s s e m b l a g e  c o n s i s t i n g  o f  me t a - g r a y w a c k e  
( p e l i t e ) ,  c h e r t  ( p u r e  q u a r t z i t e ) ,  s a n d s t o n e ,  m a r b l e  a n d  
s e r p e n t i n i t e  t o  t h e  F r a n c is c a n  fo r m a t io n  o f  C a l i f o r n i a ,  a t h ic k  
p i l e  o f  a c c r e te d  t r e n c h  and f o r e - a r c  b a s in  sed im ents .
A l t h o u g h  t h e  above i n t e r p r e t a t i o n  i s  based  upon g e n u in e  
s i m i l a r i t i e s ,  a d d i t i o n a l  o r  e v e n  a l t e r n a t i v e  e n v ir o n m e n ts  a ls o  
may be p l a u s i b l e .  I t  seems l o g i c a l  t h a t  i f  c o n v e r g e n t  p l a t e  
b o u n d a r ie s  e x i s t e d ,  r i f t  e n v iro n m e n ts  w o u ld  a l s o  o c c u r . I n  t h e  
S o u t h w e s t  M o n t a n a  b a s e m e n t  w h e r e  no ag e  o r  s t r a t i g r a p h i e  
c o r r e l a t i o n s  e x i s t  b e tw e e n  s e p a r a t e  m o u n ta in  ra n g e  e x p o s u r e s  
( K a r a s e v i c h  e t  a l . ,  198 I ) ,  i t  i s  n o t known w h e th e r  th e  gn e isses  
a re  r e p r e s e n t a t iv e  o f  a s in g le  o r  m u l t i p l e  t e c t o n i c  e p is o d e s  and  
e n v i r o n m e n t s .  A s i n g l e  i n t e r p r e t a t i o n  c o u ld  t h e r e f o r e  be an  
o vers  i m p l i f i  c a t  i o n .
S in c e  modern c a l c - a l k a l i n e  v o lc a n ism  i s  no t always s p a c i a l l y  
r e l a t e d  to  a  s u b d u c tio n  zone, i t  seems re a s o n a b le  to  assume t h e r e  
i s  m o re  t h a n  one c o n t r o l l i n g  t e c t o n i c  m echanism  (H yndm an , i n  
p r e s s )  and t h e r e f o r e ,  more t h a n  a s i n g l e  mode o f  o c c u r r e n c e .  
T o n a l i t i c  d i f f e r e n t i a t i o n  s u i t e s ,  in c o m p le te ly  re p re s e n te d  w i t h i n  
t h e  A r c h e a n  g n e i s s e s ,  a r e  kno w n f r o m  b o t h  c o n v e r g e n t  a n d  
e x t e n s i o n a l  e n v iro n m e n ts , o ld  and modern (B a rk e r  and A r th ,  1 9 7 6 ) .  
The abundant f e l s i c  and s u b o rd in a te  m a fic  g n e is s e s  o f  t h e  r e g i o n  
a l s o  b e a r  some r e s e m b l a n c e  t o  t h e  b im o d a l  b a s a l t - r h y o l i t e  
v o lc a n is m  r e l a t e d  to  e x te n s io n a l  f a u l t i n g  i n  th e  B a s in  and Range  
p r o v i n c e  o f  V / e s t e r n  N o r t h  A m e r i c a .  T h e  a s s o c i a t e d
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m e t a - s e d i m e n t a r y  p a c k a g e  i s  i n t e r p r e t a b l e  as s h a l lo w  m a r i n e ,  
p e r h a p s  s h e l f  d e p o s i ts  (K a ra s e v ic h  e t  a l ,  1 9 8 1 ) ,  no t u n l ik e  those  
form ed on a  r i f t e d ,  t r a i l i n g  c o n t in e n t a l  m a rg in . I n  th e  A rm s te ad  
a r e a ,  t h e s e  g n e is s e s  a r e  l a r g e l y  r e p r e s e n t a t i v e  o f  a lu m in o u s  
p e l i t e s  and a lm o s t m a f i c - f r e e  K - f e l d s p a r - r i c h  o r  i l l i t i c  s a n d s .  
T h e s e  c o m p o s it io n s  d i f f e r  from  modern f o r e - a r c  b a s in  s t r a t a  w hich  
c o n t a i n  a b u n d a n t  a n d e s i t e - l i t h i c  —r i c h  a r e n i t e s  i n  wh i  ch  
p l a g i o c l a s e  g r e a t l y  e x c e e d s  K - f e l d s p a r  (D ic k in s o n ,  1 9 8 2 ) .  The 
g a r n e t i f e r o u s  q u a r t z o f  e ld s p a th ic  g n e is s e s  more c l o s e l y  re s e m b le  
t h e  c l a s s i c  a r k  os e w h i c h  i s  shed f ro m  u p l i f t e d  c o n t i n e n t a l  
basement rocks  i n t o  i n c i p i e n t  r i f t  tro ug hs  (D ic k in s o n  and S u c z e k ,  
1 9 7 9 ) .  A d d i t i o n a l l y ,  t h e  c l a y e y ,  c a l c a r e o u s  and  c h e r t y  
m eta -s e d im e n ts  a re  q u i t e  s i m i l a r  to  th e  types a c c u m u la te d  w i t h i n  
m a r in e  r i f t  b a s in s  (B e rg e r  and W in t e r e r ,  1974 i n  W in d le y ,  1 9 7 7 ) .  
I n  c o n c l u s i o n ,  t h e  A rm s te a d  g n e is s e s  b e a r  r e s e m b la n c e  t o  t h e  
r o c k s  o f  b o t h  t y p e s  o f  e n v i r o n m e n ts ,  t h e  magrnatic a r c -m a r g in a l  
b a s in  and th e  r i f t  b a s in  -  t r a i l i n g  c o n t in e n t a l  m a r g in ,  and b o th  
a r e  c o n s id e re d  p la u s a b le  d e p o s i t io n a l  m odels.
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